Influence of host temperature and pathogen variability upon spread of Phytophthora infestans by Waggoner, Paul Edward
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1951
Influence of host temperature and pathogen
variability upon spread of Phytophthora infestans
Paul Edward Waggoner
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Waggoner, Paul Edward, "Influence of host temperature and pathogen variability upon spread of Phytophthora infestans " (1951).
Retrospective Theses and Dissertations. 14036.
https://lib.dr.iastate.edu/rtd/14036
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

imimmt OF [lotf mmmwrn awd msiosii msABiuir ifoi 
SPW.B m pirfomiHOM iuFssmw 
by 
PatJl BimM Wkgg^mt 
A I?ls«@rtsttl0a Sat»lt%0d %© tli« 
fmetiltj la pRftiftl Falfillweat ©f 
?h® a^fulrwawats for thm W^grev &t 
im.mM or FiiiDWFir 
WMpw Stt%,|»e(tsi Afrieultwml 61ij»tologf 
Apfr®T#it 
In Ciiftrg® © 
55«1im»F'1R^F'^ 
'SmAw&t® '^0ii«g«' 
l9m it&t® Coll#g» 
ISil 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP13530 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP13530 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
S B 7 4 i ; P 5  
W I 
li 
mB» 0f soi«iis 
!• zmmvixfim • i  
It , SMMIIFA m mmm uts BIISIT OBSIWII ASOWD AnmumiM 
PMifs II sm field 4 
Am latroiwotioa '4 
1# IfttvriKis »M. l«tho48 .«««*•***.«««**••• @ 
l« 1949 @I@ipr Mkm plot •**••••«*.«.».*. @ 
S« 19S0 Qtmw S 
S, 19S0 plot 10 
C« 13 
1# tmasporte ©f speras tv&m a polat soar©®# IS 
&f A tl®@ry of traasport ®f air-boras 
«p«r98« , 13 |}« C0apis,ri»®a8 df th# theory aad 0l3S«rmtl©a« of 
• ©pifi^otlct #f |s-o%At® Iftt® Iblight. • • M 
©* Iffoef mt *1^ iir®«%ioa apoa a ilitrlbatioa 
0i di««as# iibo«t a. polst nmrm of iaoettlm.. SS 
t» S«0@B#aiy' #ftr@®id @f P%tophthiQm iaafestaas • • • . « 36 
ft. Spfttlftl tistrlbutioa ©f ilseas® ia fh® 19i© 
Claar lAke plot# SS 
fe« fh® @Mag« with %Ib» of tfe» gmii#atg of 
ils#ms® oa wppsr siM Imw leaflets# « • . • 41 
1). 194f nimr Uk®, ............ 44 
2). liSO 01®ap . Bl 
8}, Its© lamtah* 5S 
D« l)i®@uSiio& is 
1, SiMarj 61 
III, puif PAiT fapimsmi imiiiieiw iPipsfOfiGs OP mmm 
AIB K*AfO IJ.« 6,s 
4 *  i B t r o d u e t i e a '  . « » » , » . .  • • • . • • « ,  @ S  
B> Iftt^rlals @6 
^1, Plots 66 
^ t# I®o®rdiBg p©t0atio®@t@r 60 
7"? 939 
lii 
0# Obsermtional l®tho4« &M fl 
1. SmlBstloa of of ®b«»rflng pl&at parte' 
7% 
a, Bxposur# of tfe®ww©:0ttpl©s. , •.,••«»»» . Tl 
Within Ifaflst '.m-rlatlOM# • « • • 80 
0* mxpamm ©f Imrm* » \ . . » » « . Si 
I5#t®rai»tioa »f piaat part %«f@r«.tar#» slgsifleant 
ta ®fifhyt^ldgf 8f 
a. L»,f t«ap@imtttr« 8t 
1) t 0@Bparlsoas of ttpf«?• aa# lonwr petat© 
leaf • « 4 
f ) ,  B i #  o f  t t a «  et day^aasi ^lomd m-^mr 
npan %fc»' r®lftti©a opjpar asaft 
• loiwp l«af S4 
S):» ComparlBoas ®# f©tat© aad teM&to l«sif 
te?n;peratar®«# 104 
4)-.» Bie ©ffsot ©f «p©a aM elesed flaatlag 
«po'a l®af taafsFatttraa. 106 
!>• CosfariooBS ®f l««f aiaA t®ap»m-
tar®« ofes#rr«d la aa ins%r«»a1; • • 110 
1)« St# sffeet ©f wind speed upoa ti»@ 
t©itp®mtijr® of a sunlit l®af» » « » . • Hi 
2), fil®. off»et 0f atniospherie hffialdity tipo» 
•¥h@ t«a^imturs of,a s«allt l#af« » « • 124 
5). IM 
0» C'oapfirtsoa of st»M mA r®;©t te^«ratar®®» • • . 1S4 
D't 143 
B« Snnary 1§S 
I?, mmMfs OF FiriopHieopA iwismis' MfFimmaU' ii Biimsi 
P10DirCTI0'C~T~T" 16S 
A» ls%ro<i«®%ioa ISS 
B.' 1®t1®w of l.lt®smtar# IS? 
C# A Pfe©l®« Btfliitlofi'of Tarlants'la f®.«8 of 
0l>8®rmfel® f^'sts ISl 
ir 
Bf Emlttfttiea of a l®%feod: t&f: th® ^Dlserlslmtloa of . . 
• fftri&ats of fhyteophthem infestaag 16? 
. Im moA awthods iST 
E. l«swlts" 3lT0 
if - J.a A«s*f of of P%-tephth0m iafeytenns 
for Tarlaat®' # •« if9 
I# lat#rl«ls ftsi *«thod« 17f 
i*. 189 
?• Saawtiy Its 
T* Mtsmfua CIS® , its ' 
?1. ACISWUIMilT 202 
1 
I, Ilt»WGfI,©i 
Potato Aad toant© l»t© 'Isligh-b iewl®p»at greatly^ 
lb«tw«®m ImmMima aai l3@%w®@a 8«asoa«» Uttrsfsr®# fmgiMii&l mntt&l 
mmtivms^ ar® la amm o&««® and mrm m. um&mBmvf «xf®«s« i» 
otIi®r a fellgtet fereenst waM ©imfel# «. growtr to a&T® 
th® oog% ©f- .fttfiflelAil eeatrol «x««pt wl»a tellgW m® i»da®iit,. f©r«» 
easts ®f p®ta%® »at tiwat© bllglit Ijhit® fc®®» ia Bmrof# 
»M ia this ®o«tttry. A l&giml latsis far 9. f®r«0a«fe ©xiatsi tM# 
fiurriml st^ inereas® of th» ptttogsa, laf»8t>Ba.» d®f«a,ii 
wpon iti iaitifcl pr®®«ae# ia tli® ft«.M aai ap®a frnwimfel# weatfedr* 
Stttdie-s ia tlir®® a»p«©ts of th® «piphftol«fy ®f petat# aad toa«t® lat® 
felight mm pr9i*»fai«lt«» to ths me of tfeis 'basis f®r * Aismm f®r®®a.«t. 
First, aii®® tka^spreai @f th® fathog®3al@ fo%B8 ia th» field is 
th® fli®aj»®aea t® 1»® foweaet, tk® Bi»as®r i» '"Al&h th® sfread mmrrmA 
was lnr»8tigat®4« Bi® as&msr la mhi@k f• «f,r®ad» l»a b#ea 
tfc® ®a"bj®«t ®f sp®ott.l8iti®a# %s»s (If4?) ftated tl«t th© spom»g^ 
0f th® f^jsagtts wer® trftaiporfe®^ ieil»«i@t9rs« la ©ppetitioa t© this, 
jLlwRS««t (liSS) aaft ioM® «.iii Seliwlt* (l.t'^3 fowM that th® aiaomt of 
iifi«a.8e <l@@r0ii.«®i wtpiily with iiitita©® tvm & f®oa.» ®f laf«0tioii mtil 
no Al6®a8® •wii «'rid®at ^©yoad a fm -m-trnm* -A %p®th®si» t»i®ritiMg 
th® ilstriteitiom «f tpor® oea©®Bb»ti@a® a«*«M a |»iii|. Mmrm of 
l5a®e«lua iailTsi bf' SNfgofy (W^) pmri4«A a Isgti*! frm@mrk tar 
«tttii®« @f di8»as® ii«ti*ll3at4®a ia th® fi®,M« th® di8triljttti©n. 
of 8por® 0oaa«iatmti®as i® r®fl®'«t®4 ia th® Aiatri'batioa ®f di8«a8®d 
It0«t ti«8tt®j^ the %poth®8is ©ottM lb® t@st®t» la l®49 aM IfiO'ia thpo® 
I 
po-tet® plots m.d0r Taryiag'field .©oadltloBs qaaatl^tiT® ©stisiRtss •mre 
m®.d® of til# »Bi «xt«at Qf ilBS®Bii«t4oa of Phyiophffaoim laffgtaang, 
as rnaifSited fey tii© spread l>ligh.t» fho^' 0ff«@t of wlai iiwotioa aa€ 
wiMI)r#ftlES ttfon the diatrilj^tloa ot dis@a«©t pl*ats la » field ms 
(i®t«rsais94# S#©©ad&fy •lsaf«©tion la th® fieM,, wMofe is isflaeiMs®^ ^ 
the ii®mthi@r. aad fey -ft® «®®mt of liwealia aff@ets th© iis-
« 
trihmtion of dls®®s«i plants ia th« field aai th® iistrifeBti®B of 
ili®a8®i l®ftfl®ts o» tl».p3Aat» fhe hsMriov ©f this fh®«®©.ti0.n was 
4®t»miii®4 «piri0ally# 
Air t«ap©mt«r98 whish faror tli® grQwth,^ tpormlatioa and spore 
g@«ii»ti0tt'sf .P» lafostaoa. I»t9 hmn d®fia®4''by Heltos (IflS) &m& 
Crosisr ^CltM)*. •!» a.;r®salt of th®s@ ©arly iHTeatig&tiottsair t®ap«im-
tar® hag b®«a tis«a-®.s aa inaisator of fawmhl® t«ip®m%«r»s« this 
p«0tl®0 is' hAa®fl ttpott %h® aisw^tiea tl»t air t«ftf®rattt.r« truly 
repr@8®nt« th© taaparatBr® of th® pla»t psirts apoa whieh th® pathogen 
gr®w®» l@r®tofor«, fotato mad to*t0..pl&ttt part twafsmtiir® data wer® 
am-wiilAhie f©r etmparisoa -with air t«ip®mt»r«s t@ t®t®fml»® th® 
limitatiaas of the latter# lowrsr,. th® mdiatiT® ®hara®t®risti®s of 
plant parts ar® saffi©i@a.tly differaat fro» th® ©hawiet«ri®ti®8 of 
air that th® parts aai th® atr -mnM mt 1j® ®3E|>»®t®d to haT® an ®t«al 
tmtf®ratara iari-sag psrloia sf strong, set iaemisg or ontg^iisg raiiatloa# 
B®©®®®® this ijisfwality ©f tas|>«mtiire8 .mf .«3ep®©tai, aa iw®«tigation 
i®a® «a.d8 of it® amgiiit«i-d® la th® fisM «BA®r wryl-Ug ©oaiitiQas* Ix-
f®®t®4 valtj®« for th® aiff@r®»® ia taapamtor®' h®tw®®a th® air aM th® 
plant l®aTes er axle wer® frsiietsd fres ^ilenlatlQw of^ th® eaergy 
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11, emuiiis of »mso um BLisif oiaifsc ASfiPiciAiif 
IWSflAaS PMfS If f» FIIWS 
A* Isrtswittetioa 
Aa ttadsifstmaiiaf ®f tlie B»aa»r ia irtii«h Pfetyte«fhtham iafg«tfta» 
spr«fti8 ia t.h® fi«M, is si, fro-i^ttlti-tee t® & mmm$stnl f®r«®as% ©f lat® 
flight ia«ld®ae®# An ®pipliyt©1jio mf lat® 1>light i©#s 3a©% ftppt&r staMealy 
•witte«% efta»®f iast®iid, th© |»th®g«» i» •3tfN»©t@i t© l»® traasport^i from 
a frifflR.jy sour©® im' a ayst®«ti0 mmwr that is r®fl®®t®d ia th® s|aitial 
iiffltribwtioa ®f tk® Aiseas® ia th® fieli* Llm®»#t»8 (1®3S) ami Boafi®*® 
and S6talt«*t (1®4S) ©b8®rmti©fl8 0f th® gimiisat® ©f petat® 3At® l»liglit 
«Kt®Mi»g oatmrd from p@tat© fil®s^ sttf|!©rt. thi# ®Xf®®tatioa.« 
In »gp0sltion to tfe®®« ote»®rf&ti®iMij| liaM.® (it&f) f®lt tlmt tli® 
sp®m,isgia w®3?« m&w^ M'lo»«t«rf, S®e®ttiary »fr®ai ©f th® pathogen 
shsaM alt«r ia a regw^lar mmmr th® #@r* ®f th® tissa®® gwtiieat® 
smrroaadlBg th® fri»&iy i©ar<se. 
Aerial 4isf®r«al of P# t3Bf»®taB® •pomagia rasalts ia a a-oattar 
the friastfy poiat of disperml.- If the s«b®trat® of h©«t plants 
mrronnAlng th® peiat of •di.apers&l is mlJktiv®!^ wBifoi* ia'tpaee# the 
S'eatt«r ©f th® spera^agia i® tm©#A hj th® diseate pattern produced. Btit 
th® pre®®®® 0f dieperial is aff»©tei by «© wmay faeters tlmt th® 
refmltiag pattern tio«M at first si^t 8a<m to defy amlyais. Certainly 
the wotmmt, ©f a slngl# spo^r® if iMet«ami»t®« But the awrag® 
'^A'gmii^^ defiusd as th® feereaa® ia th® pereeatage 
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B»: Mftt«rl«ls juafi M«thodf- , ^ • 
fkr@m mnrms af Phytegh.thorn InfQgtftag spomngl* w#r# prtflaoad nmr 
th@ ®@n%®pt ©f thr«» ar®ftS,of"b©at plaai#,- Cobbler ^©•bato-»g» Th# 
a&gnlttt'i®® of th® iO«re# streagths w@m kmrns. m rnhmm. 
ft® f&©t®ri mw0 taiom approximtflf# the apatlitl ilttri-
teME%i0» of prtamiy laf®©ti»a la %1*® thr«® potato plots ma 
At lHl«rml8 of %i»» *ft®r pvimry lafeetioa th«- tpatial dlstribtttloa 
wt mgekin ia tlwi ttoB# plot** 
1*^^® plot ^ 
•'In ISit ft, plot of i*«ws ©f Gebtldr p«^to fl&atg m® loaat®^ ob 
p«&t soil'ae^r Cl«ar-I«to8j, 1mm,* fh» re*® ma aortli-'SwIli^ wer® 16»2 
a®t®.rs l®ag, aad mm S§ Geattaet^rs apart. Afpr«ili!»it®ly thre® hille 
ap|i®ar®i la ssofe yarfl .of •row.. fl» fl«Mi,i» plet m« 
w»» -opea «&«%• «,M wast, la «®ft-<w@.st• row of wllltw trees fom«i 
f t  wlnaisrwk f*B mmtmrs aorth ©f th# flat, '1 8®©®n4 ©ast-i-weat row of 
'Wil,!©*® ms 180 aet®T«' sawtli of tit® »1©%« 4t th® ®«ist@r of th® plet 
htjaldlty Rsi twspemtiir® r«0»ri®i ©Qatlmowsly "bf-'ft lijgj*0th®m©,gr&pfe 
in'aa ia8t3?m®a% -slwltfy at; a fc®i,ght of Si e»atiMet«ra. 
Bj Ji33» to,. tii«. polat© flast® warn ia blsom •ror® 4S 
e«atlttst@rs ia iMilght, <&t lt40 ©a |tm« 2QiO)^ ma Arm at th® of®at«r of 
th# plot #3ct®adli^ t&ur vm* ©r 3®©-«@atlB-®ttr« «a.st«^«8t aad is® 
cj#stla®t0r« mrth-mnth. was spmyei •miWi:m •suspeasloa of spomagia* fh® 
gpomagim. w®« tatos fr«i ?, laf«8l»a« ls»lat«i fitja a lorfeh Sfeteta. 
Wm^m of iays after iaoemlatioa. 
7 
tiilser i» l®48« Bmi Isolate bad l3»®a aaltursd ®a n Miiwa ®f sdybeaMi# 
d®3ctr®s»j «,»€ mgmr, »ie air wat t»rtial®iit daring the tlsi® sfsmy 
wi» t»®iag »ppli#<i# nftS'T %&• ftppli®i,tioa a 
ailtt tetallsg ZmS ©«at3»it®ri fsll dsrl% %im lalftofei iwittr 
r«»a.iB»d ©a %hm natil ©SI© b. ®ii 21# Oa Jam® 
29(f) lute bllgfct m8 »"rii®at la th® flet ©tttsli® &t th» in©<im]yfct«t 
&»m* lo di8«it®0 .l«i ls«ea ••rid@isl la tfe® plot ©» Jtia® 14(4)* tiae® ia 
the flald A p«ri©i ®f »®r® tli*» fiv® day® Is r®f«ir«d b®tii»®a th® fiP®* 
dttttloa ®f sp@r*»gl«. *i»S th® mmmqmmnM ®f tyflo*! 3L«®l@ii«^ 
tM® dis®a8® «bs®3rr«d ©a Jnm ftCs) mm ®»-stt»ed to b® p»i«©«d, dlreetly 
% th® dliper®*! ®f spQWuigtal 8»8p®asl®a trma. that relw^ssd m«r th® 
136 fey 180 ®«alla®t®p ar®ii ®t th® ©•irts®!* of th® fl®t. Ihat 1®, th® 
priimry s©ar®® ®f la®0«l« ms th® sprity# 
Bi® fipatl&l dlstiPihtitioa of llTi^ aa^niad l®»f,l®ts with &«tlw 
l««ioa« mi i®to»la®4 oa J«»® tSCs) ftsi at ®pp-ntxl*t®ly neskly Isfcer-
wis thereafter. Ia etieh SO ®®atli®8t®rs ©f r®w lea^h tw® 8t«»® 
««l«@t®d at wini®®« Th® tea iap|3®i»st aai tea lower»®8t llvlag ea^anied 
leaflet® ©a ««,@h st«» were ©la»8lfi®d as diseased «r,. If ao aaorafaepie 
l®«t©a8 were •'rideat:^ m aot dis®a®®d« Shi® mmmr ®f •• ®#tli*tiaf th® 
twsaat ®f disease doe® n®t glT® a a^natloa ®f the disease that has 
®e0«rr®d ia th® plat* If th® ®h«®rmtl®a« ar® tafewa at w®®l::ly iater-ml® 
th® m®th©d t®adi t« give th® ia©r«a®s^ la di«®a«e heeaas® aaw lea*r®8 'ar® 
ea^aded at 'the p-owiag palat aad dead l®av®s are exeladod fr®m th® sasapl®. 
If m diseased leaflets mmm fmn& ia this sais^le of forty leaflets, all 
®f th® leaflets la th® SO «®®biiwter lenfth of r©w mm esaMilaad t® 
determiae th® preseao® ®r ahteaa® of the disease# 
8 
Clour plot 
In iiSO ft plot ®t e&hhl@r potatoes -was again Ismtsi nmr Clmr 
iAk® ®a p«at «®il* Bfe# petataes ii®r# pla.Bt.«4 la tera.' ®oa®«tttPi@ eir^ 
e^lar rows as shewa la Flgwi^ I* , tte#® Mil* -mm ia «a«»k 
@f row« A, Mil ®f potato plants m» l©eat«i at th-® ®»iitei* of tlw» 
.plott A a®rtlb«*«oath rmi .«i»anl»«sls • a%©wt 1«I a®t®r« high -laf T#S «»t®Pi 
w#8% .©f th® plot.. fh« fl«M ms ®p®a to ittte «o»th as^ •a«t» • A ttm of 
will®* tr®®s raa •*a«t-iiwi»t ah^iat ®0,i»t«rs north of the pl®t, H«aBl4ity 
aai t<w^®mtttre mm roeerdeA •®oatlaa®msly hy a hyfWthsraegraph In aa 
lastfii^at ah®1lt®r at a haight ef $§• 0®atl»®t»rs at th® ssatl^east 
pertjphtry of th« pMt.*. 
By Jum l§0 l§Wp^ th® polsat® plasts mm la hl©@* and w®r® ahetat 
e®atlM»t®rs in height, Gm imm 1© a t®s^««mry -oolst ohaiiab®r utat 
«@iistr'a0te4 of etafe®® aad harlap hagt oir®r tl». 0»afe®r hill# At li©§ h ©a 
JttBs 1®C0) th® d®at»r hlll-wa® ®f»y®t -aaier th® aasist ehaaher with a 
8p@paagial sasp^asiaa# th® aporaij^la wer® tak®ii frm. th® save Sferth 
l^teta ii®lat® ®f fhyt®Fhth®w liif®ftaa«, aa ma ws«i f©r th® la©©«latio» 
©f th® 194& Olaar 1^® p.l®t* Bi® amltttf® @f th® laoJjtt® l»d heoa 
eoatiaaetf oa a a®#ltt» «f »oyhea»®, tearferes®#: aai agar# -ft®''air ia th® 
»oi»t ehamber ma «ata».t0d ai^ th® tasfemtttP® m.s 1mm thaa 70®'F* Bi® 
aei«t ®hai^-r wm rmmrai at $$00 h m Jnm 20 hoar® after'th® 
ia0®mlatioa# ©a Jisa® 2T(8) affro*l*t»ly 600 lat® hll^t leal®ii« w«r® 
®Tii«at ©a the l«av®® ®f th® i&mmMHi&i o®afe®r Mil. 1® lat® hlight 
eottld h® f®tjal ©.attii® »f th® ©®Bt®i» hill* ©s Jwa®. S©(ll) no lat®' 
hlight -©©tiM he f«wd ©atsli® of th® la®e«latei e®at®r hill* Om imlr f 
(IS) lat® hllght «a» f©wa omtsifi® of th® e«ater hill* An^ l«8io®8 that 
9 
SAMPLE OF 40 LEAFLETS 
TAKEN IN EACH 22 1/2® 




B E T W E E N  R O W S  
Figure 1. The potato plot at Clear Lake, 1950, 
10 
mpfmtmi. «f tli« lawttMted hill m Jnlj 1(12) #r 2(IS) ea'ali 
•Imv® pr®iia®#i ap^mngta os t1a®s« ^tei *aSg b®ae«,. dls»&«e oa Jaly ?(lS)f 
Iti«l%s fr«8#at®i lfct®r ih©i» timt «aeh 3®e©»jiftry s|>.r««.4 wowld. proime® 
« a«ep««.ie ia th© dtsw&s® gratiaats fmirrow^iag th@ •©«»« of tm«Mla«f 
Altfeotifh ®®®oaa*ry sprmA m« oaly a p@tsil>lll%j, 1% ms ©sasid#?®! 
Kiita th®' ©teserf®! grailwli mm irt»rfr«t®dt fh« 4ls-«».8«^ @fea©rr»i ®m 
Jmlf fClS), Its© I,. is»s »t proAtiet'A fey th® iisf®raal of tlj® sporaagiml 
s«®p#ayiioa diariag tk® »rtifl®i*l •» waa tli® eaa® in 1®4®» 
Arift of spomagi* w*t ^rsveat®*! ia lfS0 ^ l3io©a|jk%l»g ttaia#r • 
aoist 0li»¥®r, tlitti^for®, tdi® Als®*8® @fe«®rT®4 ©» ^aly ?-(18).^ 
ms |(r#too®4 by gpcMfftHgiit 41«f«r#®t i»t«mlly fro* th® .pAmrf mnrm 
»f iwwttlta^ mffro*lm%®ly SOt lesiaaa la th® l»0tt,lRt»t'MH, flat 
soa® ttw®rtala> fettt ««3r®ly sbmiH^ «w]b®r of mmm&mtf i»t'#©tei®aS;» fh«-
fmatity of ii«®A«® la %h» lf4t «4 WW at %fe« $mm wiaSNir.of 
inys ftffe®r ia®©ttla%i®a atr® »«>t tli® tip® ©f 4i®p®rf»l 
ms not ®.a ivmt lt(0) la W» Cl®«r l«il» ptot#. 
fh® gpufeial dlstrl'btffelom of ltvl«« iwEpaM#! l®afl®ti with aetl-r® 
l®»i0tti m« d«t®miii»4 o» J«ly fClS) aa4 att itpfreESmtely w«®fcly iatspmls 
*h®r«iiiffc®r. Im *r® ®f rm Itngtli tw@ ®%®Mt wejNs «®l«e%®4.®'l 
maiffl®. a®' %«» aff®w®a% mA ten l«(®»e8t l®afl»ts @a ®®®li »%«» iwii'® 
Qlft*«l^9d a» ti«<^®®i w aet tl««®«®4,. If a® dl8®*,8®d leaflet® wmm 
femM la tMs saafl® ©f f»r%y Imfleta, all ®f tit® imfl®ta ia tfe® 
are l®agtk mt rm iir®r® ©arawsiasd t® -dtetemliw %h® fpwaeno® ©r al>8«a®® of 
th® dii®*8®* 
S« ItSe WaaateA 'ytot 
ia lt» a ftet of flffc®@a rwmi' of GoMj I®? p©tato plaats isits l®®&t®4 
11 
tka Plsaaey-Purfitt® fmm naar Wnaatah, Inti&m# Ih® rows «a waaWest, 
-war® li»6 a®t@rs lois^. Mi m»r« t® o®iifeia»%«rs ftfart* Appr0xijffl&t#ly 
thf®® hills w«r®- ia ®B.@h ®f rm, Slghfe &%hmr petato aM t#mt© 
pioti •mtm B0rtk aai »a»t ®f th® |>l«%' Ife® niat ffets., *hieii 
•@«'r®r®d ft «fmi"® «,i^ *ppr®ximt«ly 4© lasters l@ag ®a ea@h sl€«j, w®r® 
attrr®«aA®a ly flftsl'fttA* f©*w»d wlBAfer«aks l©0 to li© o«sfei«8t«i»« hlgli# 
fcifflidity a»a t®»fMi'ra.t«r® mm 3P@e©r«J®4 ©®iitla«®«8ly 1»y » •hygr@tli«p»&fmpii 
ia ®a lastrawiat S'Mltar » h»igh.t of S8 ®®atla®t#rs» fh® shelter mt® 
at the e®st'®r ®f th® mm, ®®v®r®4 fey th® aia® flot®. 
By .laly 1®»» th® pitfct® p3«.ats w®r» in blo®B aBd war® abowt 4S 
®9Hti«@t«rs ia height# Oa iwm ?(6) &t ISO# k th® ®0 0«jitim®t®r lamglti 
«f WW eattej^iag'fr®ai a g#4 swter® to & poiat @»S »®t«r® from tfe® 
T«i®t ®a4 0f tto.® MMl® or ©tghtfc. rm m#' sfr«y®d with a s|>®ra.Bgial 
atwpesiiaa# fii® ®p©r«.'Bgia *®r® tatoa frtta tli® s«»®' 4s®lat® .©ultttrei ia 
tto s»a® my a® f©r tte® -Olear Mka la0®*ilati©ns.» ft® mmthmr dariag 
*M following til® iao«ttlati®a mu iry# that i®, th® air t«»p®rat«r® m® 
?t%« and the relati*® hwidi% 41 jp®r mwM- at tii® tia® of iao®«lati0a» 
Oaly f feottr® ®f «ati®rati»a ®©«ttrwi4 4»riaf th® aigfefe# Oa Jwly 1®(11) 
®aly tw® • l#sl@a8. w«r® eTliaat ©a lii® petat®®® that tei b««m lm®ttlat®i| 
mm wr® fettai «ls®iife®w».» &a Jmly SfClf) lat® flight wa# fettiat oattii® 
®f tli® «®Bt«r Mil. lesioa® that i^ pearai ©ataii® @f tli® i3a®©wlat®di 
hill om Jwly Witt), iO(l5), ©r 11(14) ©awM have fr®4tt©«a iperaagia 
®a tho»0 iat«« and.# Iwjki®^ iiseas® ®.a Jttly t®(lt)» lasttlt® fr«®eat®4 
later show ^t swh B«e®sl^ry spreai iroaM pro€w®« a i®©r»a«® ia tti,® 
(ilaeas® graAiests •a.rro^iBllBg th® 8®mr@« ®f Immlwstw Althen^ seeoaftary 
8pr®ad was only a fosslMlity# It m® ©oa®it®r®i whmu the ohierr«i 
II 
gmiles-fes urer® fk« ilgms# ©fe«©jnr®4 oa Jnlf I6(lf) m* 
pr©iw©®i hf #p®ra»gia iisp«ri«4 froa ithm frimiy Mmrm @f 
iii0©ttl«as (iwa i#ai@3a« ia th» i»0«mlA'feei t0 <1®®!!*®%#? l»i^h ®f r&w) 
plas »ow «»e®rl»ltt,. Iwt surely8:©6©a€ary iaf»etloas» 
'Si® sffttlal aistrl¥«ti®a ©f ®x|aM«4 frith itetlf# 
l»ii®as ms 0a Jmly ani ©a lfCS4)» la mnh. 
l«*^k ®f rew « aamfl® ©f f«rty leaflets ma 
R« Als«M®i or 00% 41.#@8IS«4 la TH# ®W« MIBB®? m la %H® lt#t Slsskr li&KE 
pl0t. If mm »f -bli® ^»rty l-mflftti im« ii8«a««€,. %'h®. fr«s«a©® @r 
«,t)saa©« of th® 4ls®&»« • la tlm 90 ®f r®w i»t i®t«Md»®d« 
ft.® a#serlptloa ®f th® thr®# pl®%8 li s»Ba.rl»«d Im.fftbl® I. 
Ifetsl® 1, A d0S®rif%4#a &t th® fl®li flstss fta4l®d. 





^^l® ©f forty 
l®afl«t« talwa 
fr®» 
lf4f' Cl«itr lAk® Isrth 
Bakota 
Jtta® iO' Spmy 0r@r $6& ' 
ly 180 fl»# mrm 
SO.GM. l®sgth 
®f str&lght ron* 
l®6© Cl®&r tak® forth Jum- If S0§ l®«l©as tt§® ®ro :of 
olrett.jAr r®w 
mm W&mM&k mttk 
Mkotft 
inly f M l®8i0ae to ®H» l«H^th 
of tiar&iglit WW 
u 
G, 
A thsoiy of traasporfe ®f aattef ha4 b««a 
eap|.®y®d §reg&rf (194S) %©• pr®4let tlb® torn of g»ii:#at® of flairt; 
ti«ea8®. With slight w^tlfleatio'ii® hl« hypothasla for tfe« iispspsal 
of ai,r-fe©ra« ispora® froa m f®iiit ttmrm was ©oapo-r®# to th# firft 
gradlwats of 4i8®a.f® olj«®rTOi ia th® tte»® potato flot«# fli® gwidi»atf 
r®»«ltiaf froa saeondnri' spr«ftd of tli© p&thagm w«r# trsftt®# sra^irimlly# 
1, freBjipo,rt' of sforos froa a paiat sowr®®* iiiiiii IMP Bill 'II # iiiitniimni «wnuim 'tmmmmmm mm 'ipwinnnMiwiwiiii, mmimiitmmmmmm 
fh® primary s0-yir0#8 of immuhm la tli® thp®® plot® «ffr@a®h®(l » 
point 8«ar®« la-impyi'B® i®gp®®8* @r®f@ry*8 (l©4f) ,ljyp®th.«sl8 f®r Ait* 
f#rsion. ff®a a, peiat -ms t® all ®f tli® first gradieat® 
of ^Issaa® ]pr®€a@®d« 
®'* 4- 0f twrfettl®^ traii<p®rt ®f air-boria® sp®r®s» 
Ittrbal®a©® Is ©fewrr®! to Isar®^®® tfe® oatliae or l3®ttB<l*rl®s of a olo«d 
»f pitrtt@l«» m th® ®l0tt^ !B0T@g froa an ittstftsima®o»s point soure®. 
fhat i«, a siagl® p«ff of parti®!#® «aitt»i fr©m th® «otire® at tim© 
t » 0 e®^ri««8 a elotiii «rtt»«8 -oatlia® i*i©r®«.s®s as th.® elo'isd »*««•• 
A®«a»iag tlmt th® of th® tiiis® boarlsg 1^® pmrtlel®®, • ®«g,. 
fporaa# is raaio®,- tte® ©@»a®nt».tion of th® spe-r®#,# S, mmM b® aa^eetad 
l-afeiittiT«lj'to fe® il.strlt»t®i la ®a©li ®f %h& -ter®® iiasasioas 
as, y, aai « thsy w® awisarei itwswi'aft, ©rosswlM,. aM "rartioally 
trom tfe® eeat®r ®f th® »TliJg Siao® th® ©jitllia® ©f th® ©load of 
parti®l«i iaor«as®8 as it IB®V®S a ilstasa®® X dowwiM fr^m th® aoare®, 
th® variaae® of th® <ilatrlli«tio» of S aast b® a f^m®ti®» «f 1. »i® 
14 
faa©ti®a Ms Imm sttg|«s%®d by Sxi^m (103l)i 
whsr® CT^ is ths f&ri&iio#, G is s ©oastaat, and m is a faaotloa &f 
tarbwlsaes* SehaMt's (1.018) tFeatsoat of %wrbttl@a«« as .smlogoaa to 
%h»rml ©©adttstloa l®i to a sladlar ©xfrossioa whrn'm m. » 1» Howror, 
Suttoa (liSI) fottffli. l<a<t» Srsfory (1948) St«pna#v*s &t& 
OB th® atrial flisf©'rsal ®f flUstia oaries aai Boyista gltaa^ea sf»r®s 
aai foaai m • 1.78, Wllsoa arf Bateir*® (iS-ISa) otso'rratio'as of tfas 
atrial ilsporsal of .tyeogoiitta sp&rmn gaw l.S <»< t» th® 
iwjmM' mm to fe® tMt a Is approxtafttoiy ©qaal to l.fS. Satton (liSi) 
{ioi»t®i 0«t tJ*t n wotaM. iasoreas® wttli gr#at#r tttrtel«»©®'# fh« eoastaat., 
C', ms ®stl*t®i to 0,i Smttoa (IfSt) fr®« obsormtioas of 
tM© diffasloa of saote fra* a poiat sowre®» Qregory (1846) ©stlaat^i 
0 to b® l.t^ from St»panov*s <ta,ta« Wllsoa aM Sak®r's ClS4Sa) obser-
mtloas loA to ©stiwatts of 0,6 < C < l«.®* la tli® followisig ilsottssioii 
t / «  
m was «®t »fisail to l.fS a»i 6 to 1 «*'fli®B® Talues led tos 
Beoatis® th@ WmMty foriwt by th@ sBurft-o® of Itio sartih. dw^s 
vortloal "bat jaot feorisoatal »tioaj, tl» ©atliw of th® eloui of partiolfs 
would latwltivsly »t b® exfsotot 'to iaaroas® as raplilf in the vsrtiml 
Slreetioa as towwini or erosswiiB^.. Wlltoa a»i BaJcer (l®4te) -ooi^arot 
the ©rosswlai aaS Tortlsal disporsloa of alr*«borH@ sports of Itfoopoflttimt 
th«^ foaiai that th® ratio of tfe® atajsiiari Ae-riatioa of th® •ortleal, to 
^^irfl^ory^^ e is gi-roa as 0.64 withoat salt of' lea^ti^ 
Although fe® oosqjarei tMs valae with Stttte»*s (19SE) val«® ®£ 0.'6 om*'®, 
a hi® ®®i^«tatloi!is shows his ostiawtt® to b® i»64^a|/® or l.t 
15 
tlifl torijsoat&l iiftrlbutioa mi h®im9®n 0#§7 8s,Bi Of77# By my of 
oompurison witk tkes® 'ratio®, Sowta® (ISSS) tmnA th« mm>n mtlo of Mi® 
Tmrtlml t® tli# latsml iiaaeter ©f tfe® %mm of iR bi4ir®el3i0ml wiM 
•mm ftt * height &f t »t®rs ms 1® ,«li© fowai; tMt 4®viatl0a$ 
irtm %h® aeaa in tfe® air »©T®s«Bt 4®-wswin€ aai ©r®g.swiM. WfiJ?® •afeeiat 
Scms® (W2$) fom€ «. e®rr#lii%t©s b®tw®®a •©rti..®ft3. 
*ai townwlad d«Tisttl®ai tmm lai# iwaa ia th» air mmsmlM. 
from th® »«»» w®r® 3B®t o®ri^lat«)i with Hw-riatloa# la %%% 
otlwr tlrsitloas# For th® p.tti^08#s ©f fttr%h»r th® f®llowiag 
wttrSje m« manvm€ for th® trlmariftt# h©i*®.1 •distribatiea 
spor® ®oae@atr«tt®8. Si 
wh«r# *j^ y, sM « ar® fr©* %h« ©«at®r of th# mo-riag ©l©u4 ©f 
furtlelet a»wa«la4, ©rossnrlni, ^ai rmrtlmllj ,  fh« r»%l©« 
®f -mrlan©®® agrsei wsll with o1»s®rmtio»l ®Tii®a®0* Ife# @@"mrifta®«g' 
w$rm mmasmily 8«t ®fml t« e®ro to faeilitat# th® dttrlvatioa of th® 
h.y!p®%h«sis# 
fh# followlag trimriat® m'rml dl«trife«ti6a faaetioa «*a a©w "b# 
wlttan for th« 0®tte#atratt»a,. S, of sporangia dispersing tram a foiat 
8@ar0«i 
<rj o ® 
o <r;j 0 
O 
o o 
0 0"* O 
*4 
O O 7 ^ 
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_ ' fii! . jil . ii^i 
3Q g ^ (T^ V<r^' 
" <T' 
•wher® Q, is th© total amaber of spomagia la tha oload at time t. Setting 
a n d  ^ ^ 5  
3q ^ 
i T j V - X ^  
sporangia ar® deposited from the eloud as it moves away from th# 
8oarc«« this decreases,- Q, th® total nuaber of sporaagia in. th@ cloud. 
Bat is, Q is & funotioa of X, the distaao® th® olotii has aoTsd from 
th© so«ree» la ordsr to obtain an expression for Q ais a fraction of X, 
th® total number, I, of sporas ia a slice of cloui 1 e®ntim0t@r high 
at z « 0 to « S 1 ig obtained* 
( - - 3  0  - ( X - V )  .  
a 
.  S £ ?  
271''"'•X'"''' 
lext th® aoTonent of the oloud away from the source is eoasidered. 
Assuia® that Q. is a constant while th® cloud passss oomplet®ly through 
a cylindrical surfao© of 1 oentiaoter height and mdius X» Then the 
ntjmbar of spores, passing through the cylindrical .stirfae© is equal to 
the number of spor®s, M, la th® slice of eload 1 osatiaQtor high hotween 
K « 0 and 8 • I. th® mean HOTtber of spor®8 passing through 1 omi of th® 
17 
eyliairie&l smrfiie# muM b® 
"' airX 
Si® mmn ambsr of spowis, Asf^sited. oa I «aal of torigoatal anrtme 
ni®ttM te®'* frop^rfeieiiii p, of th® awb«r,-tt, pmssiag mmr, 
"5 •p Q 
low Q « f  ix)  oaa Ij« f^saA#, Sine® %h» d@«r#a8« ia Q I® %©• tl» 
proportion •»ttliaif^ mt, p, ®f th* i sperea ia th® «ltfiMi of eloud I 
mntim»t0r d&mp B©*r z • ©, 
,  V = .  iiS-
"O" %T1 "^2 
Iswfitlag th® mMve ©fwtloa* 
S j? ^2r 
O '  z-n'^1. 
'fm 
i. 
Iat«fWitiE^ th® afeev® 4iff@r®Mfeia.l ©amtioia;^ 
.  5 p X  " "  
p •=. c. i-nc / -
itttrotoeiag this «xpr«»»ioa for Q » f(x) iato tlhs ©ftmtioa f©r depotitioa, 
^ J. -y ( / -
3 p C?6 -
i l -  1  r  /  2  7 7 ' - ^  
Bi«m if ffi S 1.76, 
o . / j J T p O ^  -  6 - 7 r p 2 "  
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ia th# fi®M -wsr® not ©atlrely sa%i«fa©tory» .FlPii,. there ar® ®ttiy 
slight diff0i^tto»8 in pre41eti@a8 from tk® hfp®tii«8i8 d®riT®«i above, 
tmn th® lttri8ra» sqmr® law, ani fr©* aa ^raipirieal ©f th» 
wh.«r« a aai b a» par«a.@t»r8 from th® iata^, ffeersfsr®, the 
first hypothesis was ©hosea b««ai« of its l©gi«ai Isasls rather tlM.» 
t5®®aaB« ®f its ittferierity la fittlag tii« ©basrmtioai# 'Sb® s®©©^ 
difficulty ms that eatisfaotery «8tia»t®» of p ani i%/k) were not 
a-mlljibl© for ©©i^ariiQa with tfe® "ralw® obtatis®^ hy flttiiig th« 
hyp0th®»ii to th® data# I© »sti*t® of p ms •amilalsl®# I®w®T»r, th« 
rslatir® @r4®r ©f th® (%/k) ia th® thr®® plots ms astlw&tel from th® 
faeti f:lir»a ia th® <i«s#rlftioa ©f tii® pl®t8# 
Bi® p aaS w®r® ©sttoatsi by th® »®thoi of Imft sqwar®! fr@m 
th® ®lj®®rmti©affl ®f prla»aEy laf@®ti®a la th® three plots-.' Sregoi^ (l©4i) 
aai Bat«i8aa {li4f) • ^f® »ai® a l0garltlmi;e tmaifaimtien of th® %poth-
@sl8 to ehtala a lia®ar jwlatl®»«. Smmmr^ is th© ©bs®rTatioai ®f 
diseas® la th® thr®« pl®t8 t®r®« appaari this pr®v®at®d a l®garith» 
ai© traMf@n»ti«a» Iiwtaai,  th®' a©i^traii«f®ria®d ®h«®rratioBa mam MS®i» 
form 




where 1 refers to th® obserration. fhe 8t» of sqmres of th® 
d®TiatioBS froui the hypothesis is 
fh© nec0®sarjf eenditioBS for a miaisnam 8«a of squares are tlmt th® 
partial derlTOtiTOS of th© sua of sqmres with respsct to a aad b equal 
zero. These eonditioas lad. to the aonaal ©q-uation®; 
wh®r® th® priM©s iiadloat® that th© a asd b are Isast squar®s estimtes. 
fh® a* Wias eliminated fro® th© norinal wquations and h' was detarminedi 
from ths obssrvations by linear interpolation. 
A siaaaary is given at this point of th© derivation of th® hypothssis 
for th® mean gradieat of disease surroundiag a continuous point, souro® 
of inoonlm." The following assumptioas were mds! 
1. Mov®m0Bt of the spores in tha threa di.a®nsioas is uncorrelated 
aad raadoai 
Zt The co»e®ntration of th® spores in th© thr®@ dimensions is 
1 1 75 
noraally iistributet with irarianc® equal to gX * where .X is th® 
distance the eloud of spores has injo-red, from an instantaneous point 
source5 
S, Th® variances of the distrihwtioas of th® spor® ooacentrations 
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Figure 2, The proportion of leaflets diseased at Clear Lake. June 29(9), 1949. 
m 
IBftbl# St Th® frmotioas of^ tfe® living ©xpftaded potat® aisefts#! 
lit -mriom dl«taa®«t fro® tls® gpor®' •owre©, (iSiO Clear lAk«) • 
fr»«tioa ®iai 
IlistaB®® July tSCS4) July Sl(42) 
fr©a i®ar©« Upp®r lamm • -Ipf ®r litwer tfP«r hmmt 
m. 1* Imms 1®*T®S lmvm9 
m 16 0 ,112 .072 .lis ,fii •2Sl 
ISS 16 0 ,022 .047 •178 .,106 asi 
274 I® 0 .019 ,044 .072 ,1®2 ,IS4 
see . IS 0 •ooi •Olt ,©75 .loi ,004 
4if IS 0 •#002 " ©  ,§1S ....0S4 .119 
§48 16 0 D ,003 ,062 ,084 ,141 
340 16 e 0 ,00s ,®Si •ISl .147 
ni li ©  0 0 ,©io ,10® •0@4 
MS li © 0 © ,oas .0®T ,li5 
S14 16 0 0 0 ,006 ,088 .078 
JlEwteer of sik%l@8 of f©rby l«»fl®'tg sit th® gtir8a'.dl.stft3i@«* 
®i®ss tliRa #00g. ©f leaflets Ais®ai«4 m Jaly lS(t4) nai Jaly 1S(27) ftt 
11.11 4i8tfi.a@«i* 
pr0f0rti@M of Mpp®r aad lo^iwr l®Rfltt« il8®«s®<|.. Bi@ ast-iaatss mppaar 
la tol® S. Ste® oibs®nrtitl»a« Aad th® fitt®i hypethesis ar@ pr®»«at«4 
grapMeally is Fig«r® i* 
8©ttre® ®f sp®r®» in th® ISi© Wamtaih plot 1*8.8 ismm losioas ©oist» 
fia«4 to a siagl® Mil mmmr th® o«nt#r of. th® potRt® pl#t» Bi® sporo® ' 
mm it8p®r8«4 from sporaafloph®r®« • Hi® size ©f th® «our©« 
appro*.i»t»i ft poiMsfe# Hi® il8f®r®al prehuMy @®®«irre<i from afeout July 
13(6) to JiaJy 2l(l4)j irr®pilajpttl#8 h*li sttffielant ti»9 t® h« iaoath®d» 
0h«®rwtioa8 ®f th® proportions of th® p@t&to l«afl®ts tt®®«,«®A *t 
Aiit«.ne«® of •§! t© fSl 0®ati»»t8r8 from th® spor# ••©ttre® w«r® mi® oa 
.#uly ii(9)« fh®»® ol>s«rmtl©as appear la Habl® 4. »i8^®a*e4 leaflet# 
CM 
1/8 
p _ O . I35 PQo/K EXP -6.78PX 
v ' S / 8  
0) P = 0.15 ,  Qo/K = 7.  8X10 
u. 
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Figur® 4. The proportion of leaflets diseased at Wamtah. July 26(l9), 1950. 
SI 
fttblt S» litimtsi 0f p aa4 {%/l) thr®® eplpliyt»%l®Si, 
h&mtim'9tiai M®MI F^MAR® 
tine of epiphytotie ff . (^0/^) of t«vtattQa» 
I94i eimr tS ©-.IB IS % •046S x l§*® 
1»80 eimr LAm^ 10 O.li T.8 x 10^ •0086 as 
1960 murntftk® MM OaS 3t© x 
©f ii«^ae«8 all •srtiieh ©Itt-rmtisBS i»«r» fflftA#* 
%y ®f l«a8t sfmras# 
®lf©t #s%iraat®€ by ®f l®««t »fMar®s» 
01#ar Mk.0 aai 19S0 Waaatali, th® latt®r ®Bcouii;l!»r@i th® a©r« faTOWtbl# 
irsa'feh®r for ®por«latlott» fhsrefertf tha itr®»gtli af th© Waaatah sourm 
m* mr@ m&rly ©qml to tk® 10SO Clear tak® soare® strsagth thaa tfe« 
|/®3G ratio &f -ttoijp' l@®i©as iMloatsi, f#eoai, th® ratl#^ I, of th® 
awftbor of 8por«s d@p®8itai to tfe® pr^porti^a of tli® leaflets dl«®as»i 
woBld b@ d®0r®as®d by waatMar whiefe ms »©r« fawrabl® for th® proiwtieii 
of Tiabl® s^r®g tm& th® prQiuetioa @f diteaa® by thos® spores,, for tkla 
reason also, tli# mla® of C%/k) f®r Wa»%ali was- »s,re a®arly •®taal to that 
for 19S0 Clsar 'lAk# thaa th® t/W mtlo ®f tlieir l«ai0a« • la#l»t®d« th® 
lt4t Clear lalc® sottr®® mnM not «;aaily b® eomfar®d to th® others# Mb 
b@oaws® a larga i«»b«r of gf@r®« war® plaeei ia t«rbal#at air by tlto 
at®»i«er, b»©a«»# a.gfeow^r fwt imt®r ®a th® host tlssa®, aat basatis® 
th® mter rowfcia»4 ®a th® tlssut® for m&tm than thlrteem howr®, th® l®-4® 
Cl®ar lMk9 Bonrmm was msmm94 to ha-r® th® grsat#'8t aetwal (%/k)» the 
least «fmr®s,>®stl*t«« ®f (%/k) wr® is th® ®xp®et®d order far th® tw® 
Cl®ar Lak® ptets* Bi® »ati*t®i (%/k) for th® laaatah plot als® ©oa-, 
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®'* of wiad iir»etioa mpaa » 41.strt1?-atloa of tis.®»»e aboai? 
0, ipoiat mnmB mt Inmulm*. Oi® dlstriljutioa of »ir*%ors® tpor^s &hm% 
& point 8o«r®® ms saepcetei %© Ij® lafl-K«ae»d ty th@ wia4 dlr@@ti®n« 
e®a«®<j«@atl3r^ th® ii«trita%l0a of dis®«t®« afc'oat^ tl}« eourm was «ac:p®©tefi 
t® refl®0t th® ©f wind flipsotioiii wltl©la ©©©wrrei iariag 
th® ti*a«p®rfe- ©f the viafel® 8pap®s» llai il:j^@tl®as *s»®oiate(ft •with 
tM® dispersal of spor®® from th® l@fO eisar lm.k& soar®® mmm mmp&xmA wltfe 
til® il»tril3«ti@a of priraary iaf»«tloa th« ®0«i»©a» 
fh® 8p®r0». wliloh th® dlseas® ©bserrei at Gl®a.r lAk® m 
Jvtlf 7(18), l&SO, wmm &ss«»04 t® Imv® fe«®a 41sf«r«e4 fr®m th® 8o\ir®« 
te®tw®®3a JuB® i4(S) aM Jttly 3(14)» fh® dls|i®r®i®B was aasmsA t© t»® 
lialted t® ttos® h©«ra 'lAsa th« <Ilff®r»a®« betiro®a th® t^f^ratwr® ®f 
th® iry tottlfe mad th® i«w poiat ma l®8«,tlmn S I® *iai obsermtieiui 
•w®r« iMMi® In th,® pl®t, l>«t th® ©bswnratiea® mat® S kiloa®t®rs atrthMtat 
of the plot at th® *a®on City airport mmm amllafel®# fh® terrala ia 
th® of th® flota and th® airf®rt i® leval* 5h®r®foF0, «3E©9ft 
f©r iat®rf®r®a®o hy th® roai ®»bantawat T.S Mt®rs west ©f th® flot 
ajttd -Ml® -wiuArfiak 90 a»t®rs aerth of thm plot, th® i»i»l Slr@®tiaa at 
th® alrparb aai th® plot -wer® ®xp®®t®d to b® li®-atieal«^ fh® d'istirlhtitlsa 
sf the vimi dir®«tioaE for th® hoars ife®a th® iifferea©® h®tw®e» the iry 
httlh aM dew polat tfla^wttar®® was l®s« tl»a $ F»®' dtirliig the peri©4 
from JttB® t4(S)' thr®«gh toly 'S(14) is givaa is Flgap® fh® frlaa^ry 
lafeetisa obs«rr®d ©a ilwly ?(1S) *a» a»s«®€ to ha^e been ©a®89d hy 
dlspers®# i«rl»f tfee^ smm ^rladf th® spatial dlstrlhtttloa of 
th® prims'ry laf@eti®a la shown l«, Fig«r® «• 
¥tade fmm th® east through s®«th dir®©ti®ia« wer® fr®q«@at aad 
34 
0% 
Figure 5. The frequency distribution of wind directions at the Mason 
City airport for hours when (T j - Tjp) 3 F.® during the 




Figure 6, Spatial distribution of diseased leaflets. (Cloar Lake. 
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fmfcl® 6t of hours per iay witfe air ©qwal -fe® ®r l@ss 
tMn TO® .F»  ftad r©latlv»- «fml to ®r grsat^r tt»ii 
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*^7 l>®p.n. at 1800 h' Jmm li, 1800 k gO» 
^IS hoers ©f ^ fO p«r ©«»i a»i < 7S® f., 
®S h0«rs of ^fO fer ®@mt and < 7i® F« 
Jvm IIQ(ll) to Smlj t(2©)« lvi-4»«lly aa axtr®»®ly iiiitll a»»1s®r of sp©r«» 
w®r« dl8p®r«®i ittrlsBg tl»-l f®rio4, oa J»ly lS(i4) th® ©aly 
iis®a.t®(i plant part 0%®®rr#d was & 8t«« la «i® aorbtoest fmirmat ®f tli® 
alath row* Bii« Is shmm. la figurn f# Th® lea-r#® hfid l«it0jai 
on 7( IS) tali diefl «.aA wer® ®3C«lai®i fro* th® groap of l®iifi®ts 
o3&s«lfl0i, i»«» llTiag ®x|»ad®A Imfletsi as mm inf^otloB® l».i @@®urr«t» 
Slae® i:fe®r® mm aetmlly «©r® so-omll®« fft-wmlsl® hears la th® laf««tl®a 
39 
N 
Figure 7. Spatial distribution of diseased leaflets 
July 13(24) and 16(27), 1950.) 
(Clear Lake. 
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Figure 8. Spatial distribution of diseased leaflets, (Clear Lake. 





Figure 9, Spatial distribution of diseased leaflets. (Clear Lake. 
July 31(42), 1950.) 
44 
Ijomwr » As tia® passad th® gmilent of dlseas® S'urJf^wadlaf tii® 
emrm was to elj»ag@« ' Ab tli# saa® tSa® the m«rt»0r ®f ii8®&«®i 
mpp®T le»fl®%i rslativ® t0 th® awb«r of l0w«r 4l8®&s@d l®af l@ts mt 
®Ep«0t«i t® -elainf®# Ihsrsf^r®, althtigh th# spatial distribelion ®f 
ii##afi® »bs®w®d at %i»®a arottoi the 19S0 Oloar lAk® sour®® iiwui. 
pr®«®at«d ®tt ®a3fH®r fag®«, th® awaa gmdi#at® ®f 4l»#&«® sari^waiiijf 
this soare®^ @f lao®«laa ar®' pr®s®»b®4 ©a th® pag®» that f®ll®w» la 
adiiti©a> th® gmiieatf th® iip,p®r and .]tew®r Iwaflots ar® shows 
t»famt®l|ft Ih® fra4i®ats ©hserrai at ««v«ral tlaiB® aro«»S th® W4$ 
Olsar 'lAk® and lfi§ Wamtah •§©«!'«©« ar® al«» A hrlef s1*t®»' 
a®at of th® w®ath®i* ©suSlti^a® e®aoomltaat with th® ©haagas im th® 
graileats l» gtvea* 
Mfe®» iraiieata ®f tisaas® ©hstrvsi aroaai 
th® lf4t ei»ar liak®'SOttr@« of lasetilw ©a J«a« tiCtJi Sulf 17(17)# 
li(t45> aai #ttly SSCSS) are gtTsa "by th® iata ®f fabl® A tab­
ulation apfsars tm faW® f ,®f th® HHaber ©f ho^trs eoa®id®r®i faTorahle^ 
for' lat® "blight i®T»l0p»»t 'iaring th® fesslbl® periods of inf®©tioa 
pr#©®aing th® diseas® »b«®r*atlt'ai» 
Ih® iispersal ®f th® «p©re8 from the sfray oa th® ©•renl^ of Jvm 
MQ(Q) f©H»we(l by mr@ thas IS h®mrs ®f aslstttr® ®a th® host tltsta® m# 
4os®.rib®t 'ab®v®* 0a Jms®' if(») follwrlag this stto®ef«fttl laocttlatlea^ 
mor® than ®a»«foarth ®f th® 'l&mr leaflets w®r® .disea»®(i m -tdi® plaat® 
ad'Ja««»t't© th® ar«a t@ whldh th® spt&y m® applied* Ih® gradleat i® 
*l@laMw "hS'is% eqwal t® or gr«sit®r than $Q per ©®mt a»4 air t«p®m" 
tttr® ®faal -to or le«« ttom fO® F* 
m 
MblB 7. .iMbsr of feoars per day with &ir t0®p®jratttr©s dfttal to or Issa 
%toa 70® f». Aai relatlv# Iwatliity t© or greater 4fl»R 80 
p«r eant# Cl®49 Claar I<a.lse)* 
Pat® 
Saiafall aiiK^all 
ifettrs ©»% Dat® SOUFS ism* 
It •sai J«ly 10(20) 4 
S 0»61 11(21) . 1§ 
17 ©*0® 12(22) 11 
18 un 13(2S) a 1,SS 
14 14(24) m 
IS 15(25) 10 
# If (26) 12 
6^ fi.St 17(t7) 8 
U 18(28) 7 S,92 
0® miSB) ® 
© oa© io(m) IS 0*18 
10 2l(Sl) fme® 
0® 22(32) 7 
0 25(SS) IS 
0 tm«e 24(34) !!• 
# a,48 25{35) 






















»Bay begaa *t ISOO h 3mm Wg mwA@i. liO0 S Jm« 21# 
^ ^  It hours of ^ SO per ©©at aaft < 7S® f • ' 
®lt>h©«rs ^ B Qf ^ iO f#r o«at and < 7S® F,-
ihoim ia Plg«j« 10, Maaatst leaflets war® f©«ad to a distant® of '$S6 
e«stim@t«rs fj?©m tfe» a©«r©@, th® sp»yi®d ar®a, la the t.aH^l®s ©lafislfied. 
1© <lls@as»i «|5p«r l®«fl«%a w«jr0 fo«ad ia tiwi pl©t» ' Tk® mm@ for th® 
early anpaamiste® «f dis®a®@ apoaa tli® low®r btit not th# «pp@r l®ftfl®ts m.a 
to ll« la th« diff«r»aee ia ®3wir®B@»at the patMg®» #B©ottater®d 
m th® ttre 'kiM# of Isairas-. In th® leaf t®s^®ratar® lirrostlpttiQBS 
r®p©rt'»d lat®r Im this dissftrtatioa ttpf>»r axposed Isa-r®® wer®- shown t® 
h0 m.m®r mM drl®p on a elaar day tlMiii l®w«r Bholtmrmi Imvm, Siao® 
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figure 14, The proportion of upper and lower leaflets diseased at Clear Lake, J\ily 31(42),1950, 
S), l&SO ^'Sm graflieats <»f ofeierved ar®«ad th@ 
1§» Ifcaatafe mnrm- of la®ettlw» oa Jwly te(lf) aai A«gtt®t: lOCM) are 
gi¥«a la f&W@ 4« A taim'latloa ©f tli» hoars ®0»ali#r®i fawratol® for 
Jat« lbligh% di0v«lapmi»a% i«riag th» possi^l® pariode of laf«®tioa apftart 
la fabl® 8)1 1&® ia®eajftti®a ©a July. ^(0) of th® p'lants %!»,% mr« t® 
tfhf» frimrf s®wre® has »l,r«a4y 'b®9» €«»®ril3®i. ©a Jaly l${ H) 
th# primvy' mmm ms mmm t® eoaslst of leml&m l®©ai@d la a 
ilagl® m%»r of rm l®agtli at th# ©e»t®r -of ifehe plst#. 
SI® lnf«.©tl®s whleit 0'©®«r3w4 froa ^ttly 15(6) ^0 3ntj i.t( II) ma 
asa«84 to fe# traeai 'ih.a €ls#as«i «l>s«rtr@<l ©a-Jwly ti(l©). 
As showi In Iftbl# 8, a 1? tewr p®ri©d of favorabl® m»Mh.®r with 
©®atiiw%«rs ®f rainfall ©©©wrrai t«rlag %fe« lufeotlea p®rl®d, 1# - 8tt(A 
faw»1>l© p.»rl«€ ®©©ttrr«<l Awrli^, tb® iaf®-«stiOB pariod, praeaiiag 
%h® Jmly 7(1®} «l}«ermM©:a at tfe® 10SO §l®ar Ijaka flet. Ba©a«s« of th® 
aor® favoralJl# weather-^ tfca ausber ©f l®afl«%s ©Tasitnrail at 
Waittatah ®a July ^6(10) mm tJiaB 1/TO #f th« &»«»% a% 
Claar Iiak» m Snlj f{l9) althoagit %b« aoBfear of letioas ia thm Wamtali' 
sottro® ms l/lO© ©f %fe« la Ih® Claar lake ®o«ra«» Im addltiea 
t@ th® wsathar affaet^ a 8®«oad faeter to; dmrmnm tlie 4iff«r«a©» 
in tha aa®«B% ®f iliaas® ••arr©Kaiing tb» tii» goiar©®®# lliii faster ma 
tfea iaeraasat frabatillty ®f *or« tfeaa sp&rm trm a strong sft»6® 
b e i n g  t a p o s i t a i  m  a  l a a f l a t #  f f h o a p a o a  ( 1 8 4 ? )  a a i  S r a g o r y  ( 1 M B )  
(1948) Jmitf® 4l8@a«se4 this pli«n.©»@»a.» For the l®w fropartiaas ®f 
lai^lat'S dismsai, @r@n at tlaar lak®, tM.s ®a<^at faat-or m« ®f wMtll 
l»p©rtam©a* last ©f tli® dlsaasai laaflats obtarraA iiere @a tha lamar 
fa-rt of th@ p-Janfe| mlj a 'flE^lo ai«®a««i nppar laaf m$ abaarvad* 
Be 
tabl® S# lwal(®p totars par day with air »^wl t© ©r l@®8 
th»tt P. 6a<l jr®ie.tiv0 fewidlty ©qtail t® or-fr«*%@r tliaa 
fOp@r'®©»t« Wamtah), 
miBfall BkiafaH 
loara Date loars ©*• 





JS( I )  S ff(iO) 11 Tmoe 
lie 4) f g8(tl) I© 
lg(S) $ @ 
11(6) 0 l.Of »Cas| t 
14(f) 8 31(24) ®K 
l6Ci) 
W ( § )  
m Aagmat l(Ii) 7b 
•m t i Z B )  ' 
ifCio) m S(g?) 
18(11) m 4(18) «» 
1©(12) 0® l,#S S(li) ^ m 
20(13) If o.as e(so) m 
21( 14) 7 ?(Sl) m 
2S(15) m 8(32) m-
tS(l6) &(S3) m 
S4(lf) m 10(S4) m 
%ay feegfutt at ISdO % Mlf T, eai^i 1800 & Jttly 8* 
12 littira of ^ S© ptr ®e»t nad < TS®* Ft 
eit > honrs 8 ©f ^ SO f®r ®«at aad < 7i® F. 
fh® laf®®tl®a «M®h ©oettrrsi from July gS(il) t®"Aiig«st 6{S0) 
a«sia«@i t© fc© tf«i®9i hj tl». leaflets ©bserrei ©a August 10(S4)# 
Bi» me&tlwT «©®pis-iarl^ ttot p®rl©a we» iMOsapl®-!#, Iow®T«r, th® 
w@ath@r ms to®ira,' qmlit«tiv@l|' to hav® b#®a o®®! aad mlaiy dwli^ tk# • 
Attgtist 2Ctf) t© Aw,pi8t i(l©) p@ri©i of Msslag iata lu 'MbU 8, At 
TalF®^3r*i»9, laii&Mi, nfeieli i« 11 kil<»®t®r» wsst @f th® pl®t, raiisi fell 
©n f®»r ©f th« flT© 4ays an# th® taapem-tiare ms l®ss ttea 80® F# on 
all 0f tha flT® days# As a ®f tli« faTO»l>l# weath®*- tl» 
largest tii©.r«aoat of lafestioa ofcstrrei la any ©f ths plots mB &h§0rmA 
m Attfttst 1©( 34). »»is plet ms the only om of the tlii^e whieh 
m 
rated th® mpi4 laerma® fkyt&pMimm: ingeitani -thftt oha.m®*' 
teri«®8 ©f U.%@ Tillght. fh# 4®@r®ase with ti®® 
of th® 4lB«&se graileat i» tii# ISSQ Wanfttah plot mi iiailar to th® 
d«er®iis® 0l»f®rT®i in th® other two pl®ts« ils©, th® ia@p®fts» ia tke 
nmLh@T of wfp®r ls«fl«ti 4i8®ttfl«i r»3atiT» to th® ataber of lower oms 
iis#8i8®d ftgr««i with th® iner®*se ia th® oth®r plott# 
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(If§4) la Britain, «t mU {194S) &M QmHe. (Wm) la 
tlw Ualt®d ImT® all fr©pos®4 Mt® flight fBremsttag «eli«sa#» 
%&s®4 ttp@a bllglife r®lat4®ai. AlthoBj^h. litllla »n4 
iRfgoasr (lf4t) Ite^r® fa^stloswi M-rimfeility ©f ailag *8 forst&st 
erit«rla, ii.Tei%g«»-©f orer «3Ct«ni©4 p#ri.0de, the 
i«p«Hd«a®® of l&t® flight l-aer®a.@«' tifoa tflwiwrnta-r# ii ii®t iomltt©## 
CoBprsBtloiml *<it«0'r#l0gie8.1 ©bsttrmtloiis t«.k#a At * lislglit of 
16© o@atla®t®rf mj aot r«fr®s@st eoMiti®a« ia th® ©a-rlrO'SEWBrnt 
®f th® .plftBt gathoffSt Seigtr (ItSC) l»s »u.rr©y«i th« Totemlsowt 
lltsmtwr® of tfee «t«dy of tfe® layer ®f th® air a®ar tk® §»«»!•-
f«®p«rfttttr®, aiff#r®no«8 ts®!*® showsa b«tw«®a the alp «.t lastrweat slwlttr 
> • • • • • 
height ISO esntiiaitwi's — acd &t height •— I to 4S ©©atlaotsps#. 
Miller (isas) !»•§ swM>.rlf®a, n®a,®wr®a«ats ©f th® <llff»r»iio®« l>®twB®s 
ftlr and l®itf tea^aratur®®# la sltmtloas th® plaot |»a.rt m» aot 
at th® t®i69®ratttr® ©f th® air sarreaaAii^ th® fart* Geasefwaatly, 
•ilff®r®n®®8 w«r® ©aqjeet®^ h®tw«®a i»ath®r »®rrle® @hs«rwtioias - aM th® 
aotml t«Hp®ratttr© of th® hest plaat ami Its 'parasit®. Mn ©mlmatloa 
@f the mleroollmti© ®ff®et m® a pr«r@f«l8lt® t® th® •stahll«ta®at ef 
a 3At® hllght fop®@a8t hai»4 tt|>®a w®ath«r s®.rtle« ©hssrmtl®!!®. 
Att earlier stiiiy hy *gf©iier (164®) ©wlaataA th® (ilff»r®B®«s 
h®tw@®a air t«»9«»tijr»# at 150 ^ eeatlaetwr® tiMtr«®iit ihslter height 
aad at 1 aod S8 0»ati»et«rs •• pla^fc height®# Ohaermtl©ii« w®r« 
tak®a d'orl^ th® 4ay aai alght ahoT® bar® ami potato f l®ti ©a p®at 
aad mineral soils, ^ fh@ dlff®r«B®es nrlth height mm estl»»t«4 t© h® 
3.e«« thaa 2 f,®, a trivial dlffer®ae« with r#sp«®t t® th® i®Tel«pateit 
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figure 16. Potentiometer record. 
70 
tog«%ii0r, heating tha® la -aa alooliol flwt@^ aai toaehiag %h®« t© 
so'Mmr* a® .®©«pl®s mm tiwa trlaaei to a tliftrp, bright fsiat ©f » 
greater dl«©t®r •fclnt.a th« '©riglml twlst»t 
fl 
• C» Olsa-rtrntio*! latlieds Isttilts 
i8 ©lt#4 ¥#l©« t# show %h® 4iffie»ltl#s ®B@om%®r9d 
hy S0mml -mrlmm hmm»« «f %h® wittods of ©Iji^rmtloa 
tlmt th&f «a|»l©y«l» 8®mas« th® pr«8®a% s?rlt@r was f®rsi»rii«(l by thslr 
mxmpl&f a» «falmtioa ms wsA« of tfe# ®ffe©t mp®a th» mavXta of tfe# 
purtidular aatfeods oaplaf®! t» th® ofe««rmtloae r©pd-rts®i k®r®'» lav©#-
tlgnlstoat ©f plaat part t@B|>©r«tttr®i tfctstt ajp» slgaifiesnt in th© ®plphy«». 
tolQfy 0f l*t® &f ^s®rll!®4 Aft'®J* tM ©mlmtloa of ©bsermtioml 
if pr®i®at®i» 
Byftlmtioa &£• wafeheds of pl&at gart 
Sia©« serer&l' dlffereat of exp^etsf thmmmouplma feav# 
l>©®n as®i in?r@i%iga.t«r®,, a Blsgl® aetboi, 'hiti to sli^sea aa4 
#i»,lttat0i» • lext, thf mriaa@© of tsi^emtwrei "wltMa a siagl® l«&flet 
•was 'fe«a®W8® la th« iarestifalsioa# wMtfe foljyswei oaly on® 
©teisrratloa. Wi *i® ptr l«Rfl@% at « giwa Plmlly, 
l>®0aa«# la iawsttfRtloas all sf th« ®aall% l«ftT®s «®pl.©y®4 urer® 
p®ip®aii0ttl&r t© laso.3yfttloa, th® ®ff««t 0f imgl® of mxprnum upon leaf 
t®ttp»rat,«r« ms ©ralmteliii 
&• fapQgiar® &f Ife® »im®r ia wfcieh tlw? tiieiwi* 
eoapl#® ©$Btaat ,tli» plAat tiBStt® aff@ot« th® tiafQWutur® o'bserwtioa, 
IB -tell® sas® of a %M®k part s«eh as a stem or a 8«o®ttl®nt l®af^ 
t'h# ©:&upl® m& a Isagtli ®f l«ad wlr« w»r» l»%® fart t@ tli® 
i®pth ®|>®®lfl«4 Egg»srt C19S6)» la tBt® ©as® @f a tMa part stt©h a« 
a fstat® l®afl@t, th® mna«r sf pro®®iar» m® 1®S8 obTlosi. 
n 
e»eota3Efe«r®d by other worktrs «.r# eit@d. Shrew (itlSa) 
ClSlS^) aai aad Ta»'b®*flia«s (19Si) a eottpl® agalast 
l^awt #ileli had 13®«» '^qwiokly sliai^'. Tfe«ir -olsiervatloBS ar« 
ijaRfprdpriat® as ®xp@ss«l l®af t«i^®mtttr@f tins® ieoiduoija leaTafi 
liav® a thsnaal Jag ©f saly abTOt ala-^ite C^lw (IStfi) aka 
Watsott (IfSS| (1SS4)]. Millar aai Satt»a«rs ( WZ$), md Baton aai 
B«id«a (Itl®) att«ft®d to ofeserw l«af t«ap@rat»r®it % elsmpiag a 
®0«pl® against lea*««^ .fey mmm ©f a eork# fh.® i»rl: shad«i tli© l@af, 
h©a©@ 8liai®4 l®af t®B!^mtn,r@s war® wmammi.* Surtla (19SS) fsuad that 
laaf t«^®rat«r©8 takaa hf th.« sork o,lai^ ®#thod w«r® St© S F,® Iwrsr 
thaa tto® te^eratttr® of a ©oaf 1® thr»ad®i iat® tho l®af * Many ^irkers 
Mr» »®as«r®A l@af t®i^®ratar@s fey tta*®adlag a l»^tJi of lead wir® 
lafc® tl» l«af aai th,«s htMing th® ©ottpl® apiinat tit® l®af stirfa®®* 
this a®tli®d urns ms0i hy Clm (Ittfi), itall (llSS), C«rtli (ISSf) (ISSS), 
aod Walla®® aai '•Clam (1®8S)« Sla®« lasolatlon will %® ®hom t® 
har® little dlreet «ff«@t «t|5®.a tto -©©mpla^, a «@ttpl® 8apf®.rt®d against 
til® l®af $wrfa®® shsttld el®s®ly appr®a«h tli® t«^®rati»r® ®f th® l®af» 
fh» apparomt l«af t«»f«mtHr® ®o«ld .fe® aff®®t®d fey t®BelilJ3^^ the 
©®apl@ t® th® laader mthar thas th® ttpf@r siarfae® ©f th® Isodaa. 
a«lf®r (ISS©) stated 'Mtat »diati@a ®rwrs ©f 5 ts i F*® ©©uld ©oear 
with oriiaft'ry therm®©®*^!®® ©a loaf 8«rfao®»« fllrleh and iSd® 
(ISSS) fo«nd less than I ?•» twaf@ratar® dlff®r®ae® l3®tw@»ii iaad®r aad 
«pf®y ^ leaf ®«rfa®® t@aparatar®s la th® sma» 
®rld®»®® of th® relatlea l>®tw®ea th® teaparatare of th® «pp®r and 
lower s«irlfe©0« of th® l®af ma ®ljtaln®'d« B®oaw8® th® analysis of th® 
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T&hl» 9, @f tk«r!»toapl@s *fe®w or toweMag l#af smrfae®#.* 











?#• €0upi««' 1 ©»• abovs or teuehlag tfp iuiffa®® of Itaf. ISSO h# 
?oia®hlHg IJpf®r a 8US 81.1 ®0,8 ig.s 
h ?i,4 TT.# fS,S io.g 8©,i 
'l»0w®r a fi.g 74,1 7g,l 7®..t 
h f4.i ?4»0 72 •§ 74.0 73.7 
AfeOT® %p9r a f«»S 74.S 74,f 74.7 
h SO^O fS.4 76.7 7S,8 76,1 
Low®r a ?S,f fS.7 fi.t 7i.7 
7g*S wa 74.7 76. S 7S.S 
f#. 'eotiifle® 1 @a» ateT® or t#t»hlag ««d®r S 1 of l^f. 141.0 h • 
fouchiag %f®r a SS,4 sa»i ®S,8 84.8 
82*f Sl.t 8S.»4 il.4 8S,.0 
Immr a 77ri 7S,7 78.a 77.8 
h 78,® 7i,7 77,4 77,S 78*0 
Ahmrm %p®r a 81.0' fS,6 81.1 SI.? 
to as. 2 ^ 81.i 8t.l KI.4 SI.© 
•I.ow®r a S1.0 82*4 io.'i 81.0 
h • 80,T. Sl,8 81.6 79.1 81.0 
!©&?©• W0rm «p&s#i, l0W®r aM4«4# 
th® Imt fh» wfcs Meatieal with th® om at 
%$m h, 
fli« amlysis of Tarina®® of th® r®«ults $.^pmrs ia ffthlo 10» Si® 
iat@i«®tl®n of h«lght Im&tioM uni th® «ff®et ©f «|Mfc»8 
war®' l>®th eoafo»3BA«d with ti»9» ffc® ©f h»ight|' l®eatl#% 
*1^ spae® r®plieatlo» eoaprissi ©ri^r ft» fh® ®««ia at'feribwta^l® 
75 
r&tol# 10«. Aaa,lys®s of rmrlA&m of t«p«mt«r@s of tlieraweoaples abtT®' 
or touehiag pot&t© l®»f smrfas®#.* (T I ooBflss 1 ea# abov# 
or t©H©lili^ • t®f iarfa®#! V i cotipl®® 1 «* aboT# op toueM^i: 
ttad®r serf a®#.) 







l®ight^ 3E lomtioa @f ©oafl®^ (M x h) 1 71.00 S0»80 
M f & m  rsplleatioa •{§) 1 1,58 0.4S 
Irror a (1 3E T x F) I 3.85 
filW I 0,08 0.4f 
(faidlrati©) I I0*m 6.48 
C«abio) I 0»8S 0»8S 
M x t x f  S.fO 0.10 
Srror b & la© 1.22 
a»lght (*) I S1.M 
l,a<jati©tt of eo-apl® (l^) u^m 2.05 
Error 0 t 4# 40 l.O© 
I 3£ f 3 i-,ts ar61 
t x T  5 S,-Si 0,18 
Irror d 6 0,6§ om 
l«»a I m -m. 
fetal Si m- • 
fttolfht ©f l@af m th® plwrt# 
°Ooapl0 1 ea* ab®-r® or 'teBeMst th® l@af swrfao®. 
to tiai aad tho lnt@m©tloa tlae, hsight, aad location w@r® tested 'by 
error th« iatoraotloa &t th.®8« two •oare®s of tariatioB with tfe® 
spa©® replioatioai, I®lght ani looatloa wer»'aot eoafoiis^ei with tia^i th® 
lateraetlOH of %h®8® %w® amtms of mriatisa with «pa®® r®pll©atl©a„ 
®rr©r o, was sal tab 1® f®r tsftiag Idi# slgalft^aaoe @f th®ir aema sfmres. 
Bi« wmn Sfttar®#-attrlbatabl® t@ th« latsraetioat of height lo.0atl©® 
with tia® r«plioatloa w®r® t@st®i by aeaas of error a, the iiit®raeti«a ®f 
th« ®0«r©®8 of irarlatioa with spae® r®pll©&tl©a. 
76 
As showa in Ikbl® S,'the tw® mss«a%la.ges of obstrmtioa® (o»« 
witk -ftemoooaplss tonehlaf th© t^p sttrfs.e®, the ©tlier witk them 
ing th® toottoa surfa©© of the l»Bf) ««r® i»t taken at th® mim tJjae. 
leno©, th® d«ta oswld sot shm that the t«ap®mtares @a th® hottca 
«,is€ top surfsftee of the leaf were limtlml* E&w&vwj, th« ©baarratloas 
did show that th# snrtm^ in &mtmt with th# ©9«pl0- ms sot a factor 
in, th© apparent t«jp®mtar© r©lfttloasMp betweea^top ani Tjottsa l®&f«» 
lets# iB'fahl# f the iiffer«no# feetweea upper exposed and lower slaid®4 
leaflet tesperaturea was S to f P.® by «lth©r «©thoi, The- t®»p®WLtttrs» 
of the thens®eo-ii|)l®8 above epp©r «h4 low#r l«"fes w®r® fthoiit @fMl| 
th® tmp«mt«ro® ©f the mnpMw alsoire the l@aT®0 war® iatenssilat® 
hetw©®a apptr aai . lower l®«,f t0^.®rmtBr©s iet0rffliii©.i by ®ith#r 
itt«thQ«i.* 
iB th© aBRljs®a of shmm ia falsi® 10, 8l»ilar m&n 
sqmrmB werm ofet®,is®d for height $ai& Isoatlon of th@moeo»pl@ for feoth 
methods of fflefteariiig th© l»f tei^eratKr®# Th® t®.st of th© iat®pe..etion 
of height and l&eatlon ms wnsatisf^otory b®ea.tos® «r«»r a was estiimt®# 
•with oaly oa® a®gr©@ of tmo&onm fh@ »ff«ot of height m® slgnifleaBt 
with #lth©r th®. ©©wpl# tooehitsg th® top or th® 6©«pl@ toaehiag the 
H'ttder laef surfae®# fhe iiff©r«Ee@ b#tw®®a the csttpl® fthdw aad th® 
eo«pl® tottchirjg tfe« l®a,f ewrfftc® was samll aaS of ^©«btful signlfleane® 
wh®a th® eottpl® tott©h®d »itli®r th® top ©r tiadar l®ftf siirfa.®#* In 
th® Isaf t«.p®mtttr0 8t«iie» report®# ©a th® pages that follew, 
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1 1 «4 t J % f 
an iimlfsli of mriaiie® uppsar ia fables 11 «.M It, r®s|f®©t4v»l|r« 
fflabl® 11 shows that tk# ooupla ia th® fr®@ air ma not affeetad by 
alteimt® sMdla^ aat ®*pO"Sar@ ts iasolatioii, wfeil® th® ©oapl® a@ftr tli« 
l«af mi »ff»#t«d« fk@ ©f iraFi&a®®, T«bl® It, stows that this 
ItttemstioR of ©xptosBT# aai 4i»taa®@ ftfoa th® l»af m» tigaifieaat* 
a ® f « f © r » ,  t h »  i a © r « a . s «  i a  t « ^ « m t m r ®  o f  t l w i  c 0 « p l «  a t f t v ®  t h »  I m f  
-mhm til© »ha4® was mm-mi. trm th.® ®oofl@ aad l«Rf aast aot hav® hmn 
Am t© iBtolatloa# It «wst imm b»@a mwiad i»rg«ly mie^ 
diietiom asA lo^ «»•« «diatl®a fi»©» tl# ©apposed l«af t@ th« Or, 
If tib.® "reatilatlom la tiw fr«» air ms: •,©r@At®3P th® l®af|, 
eoBiwotl©n of hmt trm. th® 0#»f 1® ia tfe® fr®» air ImT® b®@a 
eraastA with a r«««lti^ isertast ••in imdiatiss ©rrsr at tJat ©©WIJI®# 
Aa ®tat«i mbmrng th® €iff«i*»tt©« la T»atilatioa ma miiiliiiK«d» fh®s« 
®b«®rfatl0-as aat tfeos® of sthtr -worfcar# i«»©aitrst®4 tlmt a tlwrmocoupl# 
ta tb.® Tielalfy of ©fejaets Mpalbl® of «Kl,ttlag kaat shoaM not to© ttsti 
d®t@i»ia@ fr®# air t®:^®ratwe* 
laay @f th» memnitmmntB r«p©rt@4 b.®r®|. tewever, iaclad® th® 
t®i^®f«,tttr® of a ®o«fl» «"b®v« a l®af» fkm 6fe»«rmtl©:a® of Sabl® f are 
aa e»mpl®«. ®fg®rt (lf4i) Mhm-mi. that ©©niwtisa aloag th# l®ai ^irm 
of a th»«»-@otfil@ ©aa ®»m®» aa @rror ©f ®lb8®rmtl®:n| eo^pl®# i» tMa 
stady w®r® s»p|>®rt#4 I oai^lawitar akoT® th»- e®»t«r of th® leaf stsrfae® 
at th® «ni of a ©oil ®r l3®ad of l#a(l'wire at l«i.«t § 6«»tiMit®rB ia 
l®^ftli« a® t®Bp®rat«r®s of thomoeowpl®# sttfport«d 1 •eeattoetsr alaO"?® 
tfe® l®af «mrfa«« areiiowa ia fabl® 9» At 16S0 h th# eomplas abOT® th® 
smmllt ttpp®r l«afl«t8 Tf®r® 4#S f,® e«®l«r thaa th® oeuples towehiaag th® 
t0f siirfa®®# of th© 'lamiaa®# At I4i0 h th® ®onpl@8 ah©-<rt th® swalit 
n 
tSfcbl# 11, two dlstaness froa a. p®t*to leaf aa d#t©r-« 
alasd lay a th@mo®©»fl® shateil or «ep©s«d t» insolfttiua. 
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Sotare® of 'gmriatloa P@gr®es of fre@d®m M«aa 
I • ?#ai 
Distaae© from l®af 1 8#.Sl 
g X D 1 T.il 
Tiffi®' 2 O'.Si 
Error 6 QS7 


























1 I ® I 
I 
i 
I I 1 
° I I 
5 I I 




1 1 1  












I I I I I I ! ^ 




































I I I I I S I 

























I 1 M r4 
s i -
s s ^ I I I 















1 1 1 
«o O s 







•s 0 1 i 1 "f 5 
i « fc 1 1 <0 » 
1 #-i 8 J 
1 s$ •# • © 
81 
At 104S Ally 7, ISSO, Clear . f<jar the-rswooaples if®r@ 
iato ©ach of -two upper potato leaflets in th®' mn &»!' two 
lo*«r OB@s in tb© slmd##'" Thm -ourmtare^Qf tifi® leaflet® wts aot pro-
ao«ttO«'tl *ife0 Isaflets.',war® aearly.,p#rf«ndiical&r to tfe® iBsolatioa* 
'fwreaty seosads -mm r©f- for %h.m detersiimtloa of tijo 
of the foBir •eottple® i» m<A laaflet, fh» ©'bserfatloaa ar© shorn in 
Silslo 13,- Satimtas -m&m mi® of th@ mrlfcae^s of tti® trmqmmy dls-
tribtsfcloas of tea^emtar® otossrmtioas la appsr or ^ lower leaflets 
ele&r dajs* fhf aaalyssa of mrlftiiee if whiah fch© #stl»t@ss w®?® 
&ppmr ia ?abl« 14* Tho r&rimms of tei^eratarss witMa an, ttpper^ aad 
lo"»9r leaflet wr» estlmtsA to "b® 0#S1 and 0..3S (F®)®* la a ualfom 
poptaiatioa there was a large prebalslUtj of obserrlag -mrlano#® nor# 
dlffortiat thas these, Bi® angle of mxponur& m.8 shown ia th® following 
amnion to affeet tho taapamtur® of tipper but nst lower l#RT®fi» Hi© 
e^mlity of tk®' two • mriances ms surp^riaing for this reasoa* la rim 
of th® im iegrees ©f freaioa for th» estiw-tioa, th® • deriatioa from 
sxpeotatioa was not sttrprlalag* Porfchsr ofesermtloM raiglit w@ll show & 
greater mriano© of teu^seratares witlila the upper than -wlthia th© lower 
leaflets. For tke preseat, the t«r.p®ra.twr0S of th® parts of m si»gl© 
leaflet were' ©stiwatefl to h® distribttted mbmt th© mean -with e. •vmriane® 
of 1/5 (F®)2» . 
®* A^le of »atpe8itr» ©f l«&v»a* • Sia®# tli® RBfle ©f laeli»ne® ®f 
miifttioa apom th« l@«,f will aff®et th®' l©«.f, ta^emture, aa -©mlmtio-a 
©f th® @ff#©% ms a pj^r»it«l8lt» to aa aiii®rs%a.adia® ®f tfe® r*lBtl®a 
fcttwwea tke #f lea-ws# fh® ma treated la tiwj stsf®* 
Si 
IS# ft® of fowr ia m&h. of f&wt 
petRto leaflets. <104i fe, &ly MS©, Qlmr Ukm^ Bnn 
'I^a.fl^t -Cowfl# fla® 
I 1 S 4 ll.«aa 
A 1 84#f 84,9 86.5 84,0 85,0 
1 SS,,S 85,9 86,5 0S,1 
8® ,7 86.5 86,7 8S,8 8S#6 
4 S4,t 85,7 86,1 8S#6 84,8 
B 1 8I»S 85,9 si,s 82*5 S3.6 
a •64*i 85,7 ii.s •8i.i &3,i 
s SS.S 86.6 82,S 8S,6 @4«1 
4 ®S,4 S6.4 8i,0 8g,t 8S*t 
I»ow®r A 1 78 .f fS«4 76»4 7S,i 7S,8 
t fS,4 TS.e 76,4 7S,3 75,6 
s ?4*f 75,4 7f,4 7S,S 76,4 
4 f4,l 75.0 7fi,S 76,2 78.2 
B 1 79,2 7«,S 79,2 7S,0 78,8 
t 78.1 7ia 78,t 7S.S 78*0 
S 78.5 7ft.S 7i.« 78. S 70#8 
4 78,4 7.8,4 78.S 76,t 7i,4 
iS^lW^s W»» «a l@w®r sKftAsAa 
fttbl® 14» Amlyses df mrlwio® ®f tb® t«ap®«tar®f »f tow thmrm» 
muflms la ©sell ©f four l®afl»%s« 
Sowre© ©f Begrtes @f trmAom 1®&» sfmr® 
%®tr L0w®r 
§OtJpl«i 
I,@afl®ti 1 12,12 S.S.5S 
GoBfl«s ta l#afl@t i 0,51 0»SS 
Tia® S 9-*n •' 2.S© 
C X T El USE 0.14 
SB 
First, a b@tw®«a l®aT®® f@rp®aii®ttlar 
ani to iasoMttoa me pr«4iot®i frsa ffe.y®ical resisealag# SI®B 
tb® predictiea. iwts oo«pik?»4 obs-armtloml tTli®a®ii tmm the 
tar® aai trm. lar»8tig»tloa» &t Clwa-r lA'k®, % proesstlag' ia this 
fflaffia®r th® .results *»r® g«»#«l.izsi wltli gjfeat«y •o©Bfii®ao®» 
Ih© of tho of »*pas»»r« ©f tb» leaf to lasolfttlan m« 
®stiaat©t f3f« a. ®®3asid@rft%ioa tk® emrgy mmmj o'f a. saalit leafi 
S®!®.!" mdlatloB +• Eeatlag Am t© wspiratisa • 
t Mmrgf mmmsiL la traa»plr&%l9» +• ln«rgy ®oiisw«»a la fisat©-
8|'Hth®sl« + i IxelatBg®. 
Qrim of MfcgEitsi# ©f tfe« ®oaf<9s®Mfe8 of •&# mvtnm^ -mmr® wait 
as f©ll©wg4 
Solar railAtiaa wait b® #f tii« mi.m of 1«0 «sal./ »l»« ©f 
por|>©ndleala.r l»e®ipt «f ©aefgy p®r sfmr# ©«ntia«t»r of mrt&m 
w©tiM mry ftrea l«0 «!•/ «f aia# for * l«tf pei^eaiiettJAr to tfe# 
®aa*8 rmya t® 0.1 ©*1./ mla. t&r a sllgfetSf ©arrea-lsaf «#% mpprm* 
to %fes am*® mys» Appraxim^ly of tlis 
lJttcii#at iagol&tloa woaM b@ a.fesorbei toy •&© loaf «.000rili^ t# Dlag#!* 
(1941) &M SMerla (1866)» 
S®8pimtlo» 'WonM ao% b« to (S®iitrl'btit® » fmatlty ®f -
mmrgy'ot m larg® a.B order of aagMttti® as l3a8®l«.tioH, Hul»r (19SS)-
®stlffla%®d that rssplmtloa ®o»bri^t«i M^eh Imsm tl*s 0,1 ml./ «f mla* 
of 0mrgy0 ®@r®f0r«p la th#®® ®r4»r »f -asetgwittt#® 0Qi^uts,1slons tiju® 
®ff«et of r#»pt«tl0a i«» ilsragsried# 
fraMplratlaa m,t$r l&m ms fomi %©• b© #f tk« «r«l@r of 1 ^,/ 
#©0^,' hr. of pp©3®®t®i l®ftf Arm % Briggs fti^i Slmnt® (iSlS), Miller 
@4 
ttiffld Sawadwrs (192S), and l!iH®r (19S8)» This evmporatioa iwotild rmmrm 
0»1 eal#/ ml mis. tram tk® ttpimr aad lnwsr l@Rf mrtekma tog«t!t@p» 
fho%osyB,th,«sls ooH8»®i mn l.aslgaifieaat frastloa 0f 'laj® imAiatlom 
Itteiiant tifos tfc® Brown. *ad lse«k« (190®) that pii®t©» 
syatli®«is B8«d l0s® th» 0»03., ©«!./ emi ada# fimmmn (ItfS) foaad 
plioto8y»feh®sl® 1««» tMa i p®r ®®at of' th® milium ©nergy tl»t 
f®ll ®a a field af mm* fh® ©oatrttmtiom ®f |>'hQt0syatli®»ls t® th» 
©aargy mmmmj @f th®. l®Af «a.» <llsr@gari«d.« 
'Sx&lmnge of easi^ ©-©©tirs ^ mmm ©f milatlom aad «oaatt©tioa» 
liwrgf @x<i«ag0 ©©emi^ ¥»tar#«H th« l«MRf aad -Mi®' *t»«sph®if®, th® soil.jp 
aai a®ar% plAnt parts. Brow a»4 lseo,»toe ClS06),> Watsoa (19^^), &»i 
Stall C10JS6) oall®t this siMatloa of wtAiatioa aai ooa4«@tlo» proewss®® 
aj%®r (ItSi) ©®H#t It "Aistaas^h**# iimm fc®th ^««i«8loa" 
aafl '"Aaetaueefe*' hav® el@«fly <!®fia®4 'wwrnlafs ia otfe®r fi»lds, tli® 
f®B®ml tsm "exehRag®* -mm iia®ii la tfele disosatlea#' lli® aMiser of 
eal®ri®s tMt mwM b® l.issi^t©i pmr ®fwr® o«»tia®t®r p«r aiaite by 
wer® «sti3«tt®€ iiff®r®ae®# Sabetitatia^ th® wlu®® gi«a ' 
ia th® pr«®®ilag di®e««8i©a lafeo th® »»«rgy ®e®ao»y of a saalit l«if, 
iBfiolatida «• t ft«,»9plr&tloa » I Exohaag®, 
giT«8 f®r a l@af farpeaiistilar to lasolatl®ai 
0.® • O.iO 9 0»40 ml*/ m$ aia*, 
and for .a J®af .awarly'pamll®! t® lasolatioai 
'§#05 • 0.10 « -O.OS eal#/ omi »ia. 
Thm ®tt®rgy ii®slpftt@4 ia «ait t'lm® frm. salt 1, ha® hmmm. 
reiyt-tei «iplri«»lly hf Wtmm aad Iseoah® (1908) t© th® •leratiea of 
th® l®ftf t®mp«mt«r®j^ f*, a%®v# lii® air t^®rat«r©, f, ia th® eas® of 
8S 
&• «t@a% simt®! 
1 « 1 (f» - f) 
•Aftwi th» s®0ffl©l«at ©f •3c®yuage, 1, is Bp«wa »M is®o«b®«8 (1905) 
'fh# BMnaasr ia wMeh, » l®af oools ha* b®«a €®s©rib®d 
% WatssB Cl0i8} by s«*as ©f fewfcoa's eoolliag lairi 
if* * t) > i(f« - f) 
^ t 
mhMTQ t I® tte® anA -X th« lag tim of th« ©©-©liiig l^f • 
IWKlniag th« dlMiBsloai ©f Iti® «oa«taates 1 &a« it ig smn that 
M » ft e 
XA 
•wher® m/A Is mss per aalt arts. aM « i« th# 8p»olfle heat of th® leaf, 
fhS'S© r«l*tioa8 p»«ltt«i mn »stla«ti©3a of I fro» th© work of others. 
Brown aad Itooaih# (ISOS) eittoattd that 1 wi ®g»l to 0,007 oftl,/ oaf 
P®, «in« for & MrioieMrwB tmlipfgra la still itir* Jh«y foasi H 
laer«*fi«€ O.OOOl «al»/ «al f®* jsia# for «aeh I m»/ mim* Wattoa (ISSS) 
fowii ^ t® •qwftl oae-hftlf aiamt# for a JL. tallffora leaf| this giir«i 
th® ®«a» orier of mfaitad# for I as Brews an# Iseoah® •(ifOi) fowai.' 
01tas CltHS) fotta^ X ®qaal t@ 0,S8 aiBst# la th® oas® of a lllae loaf i» 
•ttlll air# fsiag a i«as of 0:.©l gm«/ eal and a sfoeifl® h«at of 0»®8 
©al,/.f®. f®, (aftor Stall (itSfi)), an S of 0,023 ®al,/omf F®» aia, mi 
©aleolat®i» For tho parf@»®s ©f eo*ptttatioa, aa 1 of 0,007 ml,/ c«l 
P®» ttla. with &n liswrejtttat of •«0001-for each m-^/alii. iaorwaaat la Kfirad 
fp®®d m® assmoi* TImt.ls, H • 10"^ (f© +• w) ©8.1 •/ oaf mla. isher® w 
Is wlnA «p®®4 la »# / aia.- For a 100 mm/ ala. wini speed tJj® 0,lf ®al»/ 
eal mini, dlfforeao® la ®xitoaag« hetw®®® l«av®® psrpaaiionlar and 
parallel to iasolatloawoaM oorrosfoaS to a IS f®, 4lff®i^ao® ia 
8i 
If I w«r® ast eqml f®r tk@ tur© mpmnma of th« th» 
diff®r®BB0 iwiuM v&rj tttm IS f®. Bi® a«t l©s« "bf ra4i&ti©a to tfe» 
ataosphsr® 4@nremmu as th® l®a.f mrt&m is tttpasi trem faeiag-th.® 
g#alth to faolag th® wtam^r lower layara ef air* tislng tfe® rel&tlssa 
of mt o-atgoiBg raiia.tl©n to ungl# ©f ftxposur® giT®» %y §«ig0r {I960},, 
loss hy mdltttloa %o th® atoosfher® is ®0®a t# ©latng® trvm. m. 1®8S ®f 
0»16 ml*/ «al mln# fo^r & l@af th® mni-th t© no los® for it 
l«if faelng th@ horiaoa* 
Tfe® l©s# of «a@rgy fey h®a,t m®h&xig9 wttld -with Inerensli^ 
•r«Htl.la,ti©a» Seybold (lt2f) 8liow®4 th»t dorii!^ |)@ri®As of Im wi»i 
if®l®.®iti»s, whrn •®rti©t,l mlr aoT®*nts pPsiomluRt®,. th® vsatlliktloB 
of a leaf *iJi»fa©@ faslng tii@ liorlioa'Is fr«at®r tima th® "T0ntllatl®a 
©f a.la&f surf a#® facing th® stjaltli. A§ %im wlai T«l®®ity iaep®fts®s, 
th© l«if sttrffeo® faei^- tli® b»e©«@s T®Btll*te4» l®n©®# 
if medtmt® wlnl ap®@4f o@#arr®4,th» ®ff®»t of ohai^lag n®t omtgoiag 
mtlatlott w0bM b® ®i^®«%9i t® ¥® great«r tlma th® ®ff«et of ©haaglag 
T®n%l3<ttl®ii» fh®r@for®, tfe® 1 f®r a l»af pssrp^aiiettliir t® iai®liiti«a 
aad faeiaf the g^aith 'Wo-uM 1)® gr«a%®p thaa tli® 1 for a l«af pimll®! 
to l»B0latio» aad faeing th® hoplnea.' ffei® weali resalt Is a Atermi® 
la th® IS W^'» ilff0i%ae® pr®ii©t®i ls®tw©@B th® two leaf ©xpeswe®* A 
Alffereaee of l®®i tlmn IS F®. m® fr«4let®i to®1»e®a leav®s perpeadicalar 
waA p-mllsl to aiiiay iasQlfttl®a.» 
Bi® hyf0th«tleal differaaea m® ®0B^ar»4 t® tfe® ob8«rmtl©w of • 
oth®rs# fh® 0fes®rmti®»i ef I®als (l®®) •®ir®a sp@®l®s ©f 
pMats ar® is g©oi agi"®®Bs®at with th®s® ©alemlatitns-# 1® foaai that 
Bf 
the of a Imt f@i»peiMliettla.r to ln««>l»tioa ms S to 12 
greater ttaa the twi^mtwe ®f a pa.3r*ll®l leaf. Sitem aM Beliea 
Cists) ©feeerrei that ©ottoa lea-res pe^eaiiett'lar to the iatal^tloa 
were 2 t© 6 f°» mrser tjaaa pa»ll©l leave®# 'these obsermtieae were 
In approxlmte a.gm&ms^ with the lesi tMa IS P®« iiffereaee fredletei# 
Hie hypothetie&l ilffereaee ms eoi^reA to olaermtleas takea 
at Clear lMy» on a elisar -day, Mtf ItSO, at liStO' hi. Oae themoeotople 
mi threaiei into ©a®h of two perpeailetilar aat tw> parallel leaflets 
amoaf beth the es^osei apfer »»€ shaded l©T#«r leaflet® of the petat© 
plaat®» fhe ebsermtloml ieilga m.i slsilar t® the iesiga ased la 
ebtaialBg the 4ata @f fable t. fhe iatemetiom of height and angle m® 
©©•Bfoaadei 'With time, ®ie ©feserratloas mppmit ia Sable 1§ ani the 
amlyelf of variance in fable li., As m« 'expeetei the a^le ©f the 
lower shaiet leaflets aade m iiffereaeet fhe f aifferenee botwea 
the perpeMleaSar aad fawllel mpper vxp&mA leaflets Is in fair agree-
Beat with the iliffereaee, l®s» tMa 13 F®,, fredietei frea the energy 
eeeaw^ of the leaf, the afaee replimtloa that ms aeeessary to permit 
geB»»liaatien of the ^ -essperimeotsl reswlts i»tr®d«@e4 oeasliemble 
Tarlatioa. this !• reflected la the large sine of the error teras ia 
Sable 16» Bhese error tems lei to estiimtes of ^froMbilities greater 
thaa ©»e«fesreatieth 'Of obserrlag effeets gimter thaa the Height, 
A'agle., m& E x A ®f fable 16 ia a howsgeaeoa® poptilatioa, . Hie large • . 
aeaa sfwar® attribatabl# te the dlffereatlal affeet ®f height upoa a 
linear time tread ii. asseeiatei with the ti3» teorease la upper &nA 
inereaee l» lower' leaflet tempemtwres. fhe few degrees of freeioa for 
the efitiaatioa of error# and the large error meaa sfaarei limit the 
88 
fa'bl# li» t@apei«tar«s ©f afpei- &nd loi»«ie*- potato leaf l«t® #ri®at«€ 
pamll#! &T |>«rf#ndi©wl»r to iasoMtiott# (1220 July S, 
19®, Gleftr Bwx ittm%8©ttr®d.) 
Hsleht 
S|».et ao® .r®i>li0i.tio» 

































































%ff®r l-Mtflets mm ®xpes®ij l»w®r slifii«4« 
febl© IS, Amlysls of mrlaa®« of upper and Immt petftto 
opi©Ht®4 papull©! or perpendicular t# iasol»ti«a* 
Sn-mrm of wrintioa ®®gr#«8 of lean sfrnr* 
S»lgMj X Ci X 4) 
Spac® r»pll©&tioa (S) 
grroi- a |s X A X f) 
flat i f )  





H 3C f (liBwur) 
1 X f (f«4mti0 and eabl®} 
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J  n !  
®© 
tiropsmtar®# 
of ttiper nai tew@r go^t# Imf 'fc«i^«!ra'tettrea» la ».» 
mrlim .saetioa tJi# 9imr$Y mmmmj ®f m. wppw l«sf ©aepoaet p.©r|>«aaioa'lar 
t© lii«®l&tl©a mt as I 
Ib«o lilt lorn • 2 frmii#pl»tloa • M Wx&hmgm 
0,10 • 0,» » g I CT» * T) mU/ ©ml «ltt» 
H Is th.® ®@®ffiel9a% of ©xolmiif®, f* is Irnff t®wp#mtui«,,, aai f I® air 
If tli« rtlfttiwly smll mriatiea ia tiuaspimtioa ®3E|j®®%®i 
b«tw«®a An 'qsper &ad l®w®r expo«®i l#a.f -wmr® 4tsp®gar<i»4j. th@ wl»® of 
tH(f* • f) ^mm a ©oas^at, 0*4D ml«/ emi aia», for th® loaTas at th® 
tw® I»ight8* 5&®a (f* • T) feWM.® ft funstioa of I emly# Sh® S woult 
•f&ry l3®tw®®s the two haifhts l»s®a,«s» ef 44ffer®B®®8 ia wiai ip®®d aad 
long wa-r® »iiation, 
4a #3^r®8«ldtt for 1 a» a faaetioa ®f -wiai Sf®@€, m® introdraeed 
•®Rrli®r ast 
1 • lO"*^ (TO -I- -w). 
With a ®© m,/ aitt, wiM ®p@»d at tk® ttpper leaf, I ®ft»l ©•OlS ®al#/ 
®»f aia, P®. lh«tt 0»40 oal#/ ais» i»©al€ ©©rrespaai t© a-IS ?®# 
el®iratioa. of th® t««p®ratttr@ of th® «|joa®A wpp®?' leaf @vor tii® air 
teapemture. Th.® 1 TOUM bm A^ermsmA f®r th» l©w®r ea^os®^ l®'af l>»oati«® 
®f th® »a0h l©w®r wiai sp@®d. »®ar th® toil# ®«ig®r (IfSO) ghowed -tdsat 
if tl» wind .sf»®d w@r® 60 m«/ mia# at a fewight of §0 ®oatia«'t®rs ia a 
be®t fi®M -ft® sp®@d ms 10 »#/mia» at a height ®f 10 «»sitia®t®r8* Th®' 
10 »,./ mia# wlni sp»®4 "woaM mrrmp&M to aa 1 &f 0mW8 ©al«/ ejs^ mia* 
f®# for th® Im&r »xfOsei Isaf sr a tS f®t »l0mtiott of th® Isaf ti^®ra« 














tS 13 © .© tr4 
I I 
€ ^ 
^  i  
m
I  ^ 















I s j r* 
t t 





















^ 4> m 
1 1 1  J  
t i g ' #  













a '8 I I 



















•fe "S ^ 5 
in  I I I  I  
2 








I © &4 
I  
t  I  
i i 
I  
i ? i 4» 
•k 
! t* m 








a I  







^  .  -
s i l l  
s i . a 
I  I I  I  
i I 1 1 
^ ^ g o 





" S i !  4» # 













































I  & %  s  











I  ^ 
« -s 
14 
t  I  









thua tfe® air twptmtart.# gitiwitts of th§ f.a#r,er ©f li&T®8 
iadieatei tl»t leftTwi w©«M to® slightly ©oeler t'lma th# air, 
«pp®r ®xp©s®d l#av»s wo«M 18 f®. wwnawr tl*m ths air, Immr 
e3i^.®«@4 Im-r®# WttM hm mm thm It F°. mmmr tham: «pi>#r txposM 
l0«,T©i ©r Z7 f®# mr»9r tlma sh»lt»r®i Irnrnmsm 
th» following 0b«®rmti0»s w«.ra #o»sid»r«i is Mm ligfe.% ®f th® 
afeo-T# rm.mwd.ng» fh®^ l®&f ©f shelterei *»S supoaei npj^mt 
iiai l®*@r l®*r®s of: a pl^at irtr# ©l}t«rr«d *% W&imtiiah at OSOO fe 
m Mlj tip 19S§,. fb» saa urai tti»b8t«r»if th® wiai wl®el%y wms l®w# 
A th®ra®®oiipl® m« tiw®ft€»d iato «»©li of eight l®afl®tai tw® apfer 
®;^0'8®d,j, lanre l#i^f ®^o®«4, tw® tt®«r sii®lt«r«4^ aad tm low»r 8h®lt@y©4 
l#iifl®ts* fh® tips of th® l@wtr l@afl®t8 tb® soil liasj 
til® Mpf@r l@a.fl@t® -wr® at a h»igh% of aT>®ut 46 eeatia®t®r®# A€Jao#at 
t»Ma%o plaaats mm t© e®»tei»®t®rs amy® Ife® t@ap®3raifettr«s ofeserred ar® 
shmin ia fmhl0 17* Si® 14 y®» itff®T«a®« la t@^®mt®r® featw®®!! the 
®xp0®®i mi ®fe#lt®r®i «pp«r leaflets ms ia agr®«9at wi.th th® If F®» 
pr®diet®i from ©0B8i4«i*tl®n® ®f th® l®afl@%»'s @a®rgy ®»®a0i^» 3h® 
%®^«;mtttr® dlff®r«a@® %®tw®«a ife® wpp®r a»i l®i»er «Kp©s®i leaflets,. 
8 f®», aai th® triflal t®^@rat«r® iiffswa®® t>®t««®a nfper and lawer 
»li®lt0r®'i l«afl«%»|,'w«r© als® ia agrawBeat with, the ®a®rgf 
®eoa®my ^leslatieas * 
fh® •analyiis of variaa«« r®:Bttltiftg trm. ©oafomMiag ti»# with 
03^sar® app®*r® ia lubl® 10, tt® diffl®»l%- of •MaiBtaiaisg imifoirm 
®x|j0««r® sf th.® I«afl@t8 ms r®fl®ot«A la the ooeasieiMil larg® 'diffsr-
»»0«s la t«p©ratBr® two tpa«e r®pli#at®« of ®xpos®4 leaTos,. 
®#g« wgf®r at tia» t aM l®wer at tl»« 4» Ihis t»8f!»ratHr® -rariatioaa 
93 
Habl# 17. fh.« of tipper an4 l©i»@r torn to lmr@s sha4«4 
fr@m and ©xpeaoi %® lasolatioB. (0800 fe, July f7, 1®§0, 
Wamtftk. Saa aaebseur®#..) 
Sfa©@: fia# 
B:spo®ar@ mpllm'fciea • •..NR-I:,, Mmn 



























































Mmm 82 «6 85.® 88.4 «i.7 8S.1 
18. Aaalysis af -mrtim®® ®f th®- of'tippsr fcad i®wr 
t«^t0 lmv@s fr®m mi. «xpo8'ffli t© issetetioa. 
So«re» of •mriatlsa Begr®®® of frssAoa. Mean, cfttiur# 
Stfosar# (1) 3. 1662.SI 
r@plim%ion (8) I l.6i 
Ermr & (S x. S) I 0.01 
Tim if) S 1.74 
Mx f S l.SS 
Srrsr h 6 •3,88 
might •{!) 1 1».S0 
1 3E I 1 lt8.§0 
Mrrmr ® i 14, le 
f X H s 1.46 
1 X H X f (liMar & fmimtie) z Q,86 
C o«^l©) I S.iS 
Irrar <1 6 0.80 
M»aa 1 m 
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©ia| aim* i» eas® ©f sanllt l®afi it woaM Ij® flsereased l» th® oa»« 
of ft sh«,d®4 l®a,f *nd lb®®a«®. ««r© at aight# 
fk« V; n®t upward rii41*tl®a loss, fcas l>@®a oa,ll®d *B©©t«r»l 
mdlatioa*** Bruat {l9Si) smggestwt i,a «:^irl©atl fomala for !l la th® 
•eas« of olmr «kl»st 
U « (TA (0«S6 • 0,08 «%, 
•sfe«r« <r 1$ itefita's eosataat, A is th# absslttt® tempsmtare «tM ® ia the 
mpor pressor® la milll'b&rs of tho air at m height of 180 oeatlaeters. 
lAwsohwr (1S28) Ms ehowa that W is i®er@as«i t@ iO per o®nt of the ab©Te 
irala® ia th® mm ©f 0*S I@*r elwd** for a t®i^®mt«r® of 88%. and a 
•mp®r presswr® sf 16 »illlljars th® W woaM l>@t 
Sfcy OQwr, 0 0,8 1,0 
U 0,16 O,0S Q,OS ml,/ laf ttla. 
fh® net dIewHsmrd ra<Si&tl@a los®, 5, wo«M wfoa th® relative 
t®s^ ®rat«r® of th®' leaf asi ths ©bjeets below. At night aDA 
©loaiy <iayis. th® teaperatar® iifferea®®® wouM he saall aM D mwM be 
nearly zero fer aa upper expoged leaf. Curing a ©lear lay © irould he 
greater than, isero if mdiatioa from th© •warn soil, lia® reaohed the 
leaf. For a leaf temperature of S5®P» aad a soil teaperattar® of lOS®?,, 
D wowli h® 0,10 ®al»/ ©al ala. If th® leaf were ©xfosed ptrallal to the 
leil. However^ this wO'tiM rarely oeewr siao® latervenlag leaws wouli 
latereept portloas of th» raiiatioa, therefor®, B would h® less t)mn 
&*10 itjcriag a ©lear day, la the ease ©f a .gh®lt®r®(l l@af, .ittrroaadlng 
©toj®et® w«li h« at ah©«t th# ••ssa® tempsimtwet as th® l®af aai S woiaM 
h® nearly Js«ro» 
U'Sing the ahoT© ®e»tloa®i ©stiffl&tes of the oowfoaeafcs of th® energy 
m 
•0©oB0ml®8 of ttpper @xpos«d and l©*8r ih®lt®r®a Isavts m oliar itai 
eloeiy <lay8 s.»d alghta, th® followiia^ ©eoaomles wr® olitaiaei* 
Tiaiti Siy i lxp®i«r8 il H - D • 10 
©0T®r 
a»y 0 fpp@p «pesei ©,•§<•• O-*! »< 0.«t ••< 0.1 s 0,8 <»l»/eial mia» 
l,©w®r slwlt«r@4 6 »<©•! • 0 -0 s-.<o,l 
0«8 Upp«r «XfO«®t. < 0»g '•<0«l • <0»1 - 0 *0 
l^wer 8h®l%0r®d 0 -<0»l • 0 • 0 • -kO#! 
light 0 Vppmt ®xp0sM 0 - 0 <0#t - 0 • •<0»2 
lm®r sfeel-torfti 0 •© «0 -0 aO 
f 
1«0 %p«r ®xp08®d 0 *0 *-0 •© #0 
Lower shelttwi 0 •-0 • 0 {• 0 « 0 
A fmlitatiT® p'reilati®®. of tto® relatloa b©t«»e®a tli» t®ap®m%ttr®s 
»f th@ l«aT«s aai th@ • iaiT0a.»4ing ai.r ©-otili 190 laai® tmn th® @8tiB«.t®d 
I» th® »%©»% stat®-, 
e 5 I (f» - f) • 
irktre f Is the 0o®ffiei#«t of eoaiattioa* Upper ©xpsssd l«ftT®s woald 
"b® m«©h imnmr tl»a th@ air m a oltar A&y and at air t«apsrat«re ©a a 
elottiy «tef • Hi# saa® leav@s wouM b® ©aoler thaa air ©a a @l®ar 
night aad aMat at air tempcr&tur® oa a '©lettfiy nightt Imtmr «hmim4. 
wouW be sligfatly m&lor tima tii® air ittring th® day aad nmrly 
at air taaperatBr® %h» aiglit* 
The lBtorpr®i»ti0a of tli® ol)s®rwtio«i -©iiiiQae® ma b&a«d upon 
th« r®asoaing giv®a al)©w« f®®p#3P8.tar®s w®r® talt#s of sipp@r txpesad 
aadi l0w®r sli»lt®r®d leaflets ©f tcaat© plants at Wamtah. at 1000^ 1©0Q, " 
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i 60 t- » 
fe, fa •*<• •!* h U U h ' U %, U U |j 5J I; 
H  H  I I  i !  I !  H  I I  I !  
%-i 
i . 
«0 O *53 
« • ® 0 S § | |  
1 1  
£3 O 
«-« I fe 1 O rH 
•M ». ff 
S § 0 -1  
•S s | i  
Q 
t  I  !  i  r  I  f  I  
• I • s s s 
-t H *i H -$ H H n H 
feg 8§ 53 SS as 88 SS SS 
Uh S.1. -ot. "oV 'mU h,i, 'o-'w S=*-. 
SS gg SS SS g SS Sis gs s s  
•ot, --.V o*» I J.*o, 1.%. '..t. i,'o. 
§S gs SS SS " 23 SS SS SS # • • . • • • •« • • . * # . . • # • • f # • • .# • ljfc0» «S& «)9® lis.® rffc. M 0<|1 
8S 86 S2 SS sa ga as 2s 
o«» W01 Qj0» 'Wea #.«•»>»€« H0I 
SS gg S3 SS 2s ga ga ss 
S» b' %%» mm %>m la' »'h In I® 
% % i 
•ag HQ 
• • • f 
b la 
g 3 8 
es 
100 
to, t»mp®«twrits of wpper t«a.%o 1«mit08 l®es the tempara-
tnrms of low«r (Ihsraoeoaples 1 ©»• &hor® ©r 
toOTMi^ top of l®&f. 16, tf, 
laaatah#) 
,fla® 
Coapl® hslght Sta 1®0& •• im ft§0 OiOO h 
Bnrtm® 0©v»-r«i 0.1 la •0»4 
Clmr ma 12 •o •2.S -2,1 
AIjot® Qorermi, l.O 1,T I,? 0.0 
Cl»ar i.t 4.S «o»s o.t 
%pf®r Imms w®p® mpom&t lowr 
falsi# fh@ t@ap®ratup®s ©f thmrmeou-ples t©.aishiag the top mrt&.m» 
©fto*to l®itT«s isEf t«Hif@r8itures of.'^thtpftoeoupl®® % mm. 
abOT® leaf surfae®* (fely 26, 26, gf, iiSd, Wamtah*.) 
?i®« 
S«B i,#af heifkb®' WO " 'MO© 640b h 
lfp®r -l.S -1.6 •O.g r®. 
hm@T -e,4 0,$ 1*0 
Cl0«J» %p®r 8...0 6.2 <•0,^6 -1.4 
IiOW®r -I., I •liiS 1»4 0.0 
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a&bl® tt» la Amiysis ®f r&rlmsm of th® te»0m%ttr«s ©f" th©«ioe©ttpl®8 
ab©-r8 or taaehij^ tomt© (©TO* 10001600,, staft 
ttoo hi 3^lf 85* 16, Z7, mo, Wnnntah,) 
gouree af mrifttloa ' , P®gre®8 .of frQeioa Mmn. »qmm 
E&igkt of l®af X 'I^efctloa of 
e««pi® (Bx I) I oai 
Spt®® r«pii©«,%i©H (S) I 7 (.SI 
lrr®r a. (K x i ic S) I 6.M 
ELffl© f«plleiiti©a ( f )  I 1.09 
13E  L  X f  I  0 .20  
Srr&r b 2 oa® 
Ooir®r ©f ma.  (§ )  1 S0.42 
1 * L X C 1 14,68 
f X 0 • • .1 4,8i 
Oaj T«rstti sight (5) I 16^7,66 
I X L X D 1 S5S.70 
t X B I 8.30 
e X» 1 
H X L X 0 X » 1 ' .22,44 
f©r#BO©a wfsji® aft®ra6om (f) 1 11.8S 
IX I. X f I i,m 
$ xW I 3,84 
C X P I 6S.5® 
Wlthla My mmi night (W) I gll,66 
I X I. * W 1 S.iS 
e X W' • . 1 2,f4 
Ualistsd S4 • 
Srrtr © f l.li 
Height of l«if (H) 1 IS®.8® 
jLocation of e«apl» (I») I 0.4S 
Error d 2 1,88 
1X C I 78.44 
H X » I aso.st 
I X a X B 1 lS2.e9 
I X F 1 0.55 
I X e X F 1 4.6S 
I X W I 0,11 
H-x e X W 1 0,18 
t x §  I  l t , 8 S  
Ix B 1 0,7S 
I. X C X D 1 10.01 
t x F  1 g.OO 
I. X C X f 1 S.i8 
I. X * I $m 
I x  €  x W  1  0.0® 
tJali8t®d 31 
Irrer « 14 O.Sl 
Idfta 1 • 
Total • 12S , • 
a 
» 
t-*' 9 0 
t @ 0 
e 0 p • i-» >3 
® « t»« 
m t a 
»-» %*-
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tol® as* Thjs t©*pemtttra® of p©%«,te na^'toimt© l@«iir«8 ia aa iat®r* 




n»Dlleati©a 1 ' 
an# rofllwtioa 
4' M@a.n 
•Cpp®r Potato * 8©* 7 si»i tl.l 0l»8 
h •fO.S 8f»4 iT.S fl6»0 89,7 
fowkto ft 80.7 S0,0 $t,Q 80.7 
h ma fO,8 S©..4 89 foa 
l-ewer Potfct© •m Bl,7 88.1 Sl.S 81.8 
TS BUB S0,9 79:0 S0«O 81.0 
fwtto a sea Sl.7 80,1 7®.® 
fS.I 7S.g Sl.l 82,S SO. 4 
*1Jpf®r |.®aws Hfsr® @Xf«s»4, l©*®r shuiai* 
IRIJI# Mm An annlysls of 'mri»a©« ©f tb» t»»p®rffl,%«.r®s of p®tat® 'aai 
Somre® ®f imriatidii B@gr@@f ©f fr®«i0» M®ita »fmp» 
lelght ©f le^f X 'Flft-nt •paeies X I.SS |^©@ r@pltmisi0m I lO.SS 
Err&r & (l x P x S) 1 0.78 
Tia® r@flieatioa i 0.77 
B X F X f s 0.S7 
Srr&t h 6 1.41 
Uoight I 877.12 
Plimt npmi@a I 0 .68 
Mrrmt' © a 4.t4 • 
H ac f s O.fi 
P X f s E.es 
Irror 4 6 S.41 
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laso'latioa • t BpmasplFati®a • Ipmrd radiati^a sxelmag® • 
Iteiwwratri wtdiatiea «x©l»ag® • t Coaiaetioa ©xeha.^## 
Or te.. 
Ittsolntlaa aad ttpmri milatlea «xeMi^® wowli as-fe differ l»9twe®a opos 
itad ©l0S8d sp*eiags» Itoer® woaM b@ -a larger fear® sell surfa©® ia aa 
©P@a planfciagi hsae®, m gr«&t®r preportitn of tli® felaek b®4y railati@tt 
of th® soil wowld rea«h Isoth ttpp®r aad law®r l@aT®f of a pl&at surroaMtd 
fear© soil# fhi* wowM r®s«lt la a poiitir® ©oatrlbtttiea from D to 
th® left MM 'mmh@r ®f th® @®OH0I^«, 
a® 'b«h«vi0r ®f "^aai C caa 'b® iaferrsi fr®m tls.® i«®rk ^of Molku® aad 
kihrnm. C ItSO) aad T«stal &M Bell (iSSl) wh® saak imtrwmnt slwilter® 
la th® grnm.& fe®tw»#B ww« ®f ©M««k®«l aai drlll«d sagar fceete* fh&y 
feaad higher t®^®mtwr®« aai wiad v©I@eiti®g aad 3«w«r r®l«.tlT® tealdi-
tles la th® efe«ek®(i, i.®. op®a p3Aat®d, i»^r l>««t r©wi. Tfe® iB®r«as®i 
•reatilatioa ia ®p®a plaatinfs iro«ld resalt ia a higher eeeffleleat ©f 
©eadaetloa aad- a Immr ©lemtida ©f l®af t®»p®mt«r8' for a eoastaat 
•mla® of iC» fiariag aids®a(ioa th«y alt© ^aai ®mp®ratloa ms greater 
froa p®r©tt® omp ateo®®t®r« to eat si Ijetew®® the eh®.®k«d row®, Bi® gr®at®r 
©•mporatloa weald Ij® aasoolated with greater traaspiratloa, Ife® ia0r®aB®i 
®B»rgf lapttt to th® leaf frcaa B -WOKW h» partially oi^^easated for hy aa 
iaereasad ooasai^tioa of ea®rgy Isj traaaplratioa, Waggo^asr (1®49) (1960) 
foaad air t«!ip@mt«r@ diff®,ir»ao®s of l@ss thaa 1 F^« l>@tw«8a spars® row® 
of potato®® growiag oa a mlaeral aoll aad th® laacwlaat rows of potatoes 
growlag oa peat, therefor®, oaly alight diff®r®ae«8 ia air twiperatMro 
were aatieipatei heti^ea tl» ©pea aM cto8®i pl&atli^s of tomto# 1® 
©•bvioas rms&n for dlffereaees la leaf te^eratare hetwe@a the two 
108 
plftKbiaga ms foaai# 
ll®v«n meters iomttarest ®f tii® mskftf of th® Wamtah plot a plot 
®f tomtoe® 8pa«s®d at laterrals ©f 90 e®ati»t@f8 ms t© a pl®t 
of iat®rplaat»a towitots mad potat®«ti. Th» plaats ®f both pleta w«r# 
about 46 ©»att»®t0i*s high. Th« feliag# ®f th® iat®rp'laat«€ townto aad 
potato' plaats forswi a i©lld mmpf th« laagth of th® Towf how^vsr, a 
16 ©'«Bti*t«r wlA« strip ®f Iwtr® g®il s@famt®i th# At th© tiwi 
©'f th® 0bsQrmti®ias,, 0800 h, Jttly IT, 10SO, mm ms aiaobsotireif 
fh® mathod m® th® saa® a® i»s®rib®<4 for pr@e®4i»g obsermtloast &» 
length of th« thtraoeouf 1®' l®a4s It me^&sBrf t® ©xamla# plaat-i! 
withlB I aet«r8 of th® bowialary b®t*«®'a th® plsts, fh® •t®apemt«r®'« 
obs®rv«4 apf«ar la Tabl® 2S., Agala, th® «3Ey®'8«d tipper l®af t@»perat«r®« 
w®r« higher tha3a th©s® ®f th® '8ha4®€ l®w®r l®af» Th@ €iff®5r®ii»@s bstuwaH 
th® ti»|)0ratttr®B ®f similarly 9Xp®«®i l«k.T®s war® triTial# "Efe® iat®?" 
a@tlo» b®tw®«m l«af height aai plaat ifaoia^ *»• ®®iifowM®€ with tla®# 
a® am'lyils ®f "mrlam®^ fabl® ES, iadl^atet that ther® m» a larg® 
jpw>b«bllity of 0b»«rriaf t®H^®i%tttre' aiffor®ae«« batws^a S|«®iag in. a 
h©a®f«n®o«« p®pii*Mtl0a gr®at®r thaa th® trivial ®a®i «a«0WBt®r®4 'h®r®'. 
l,eaT88 is aa ®f®a pleating -w®r® ©xpoct®^ to r»0®lT® war® raiiatloa 
frsat th® soil 3Mrfa«,@i bist th® eenseftteat «*®®»s of of@a OT®r ©losad 
plaati^ l®ftf t®B|>®ratttr®8 ms «itp®et«€ to b® i«®r®ass4 by hl^®r trans*' 
piratioa aad eo-afiustioa «jE:®hai^® iw« to laer@a»®4 veatllatloa in th® epwa 
pla»fciag» B«tw®®a adja«®at opea ami ®108®i ptentiag® of t®*t@®s ®a 
a ®l®ar iay a® ilff®r®a0® la teasperatar® ©f «l«lto.rly expo sad l®aT®8 ms 
fO'ttai. Stae® th® 0bs®i»mtl®aii w@r® taken aear th® boundary ®f th® opsa 
aai 'Ol©s®d plABtia^®, a® to-rg® dlffersaa® in th® oham®t@ri«tlo« of th® 
lOS 
tg, "&# teap®rfttttr®a ©f 1®«V#B of toa»to plants s®% la ®l®s©4" 
vm& ^T at interrals. ©f 90 e»Hte'iaet®M# (0800 h., J«lf U7\f 




apaeiag r«pile«.%i©a I 
rS*® r®fll©ati©a 
'li ' ,'l "" 4^ leaa 
%per Ol®s«d ft 87.i 88.S 87.7 90.7 
% 83,S $U$ 84.S 83.8 8S.S 
Open a. Si,Q 86.8 87.1 @8.3 
b 82 •! 86.S 86. g 8i»8 06a 
ioifsr Closed ft ?S,5 74.1 7S.S 74.6 
•15 72*9 73,2 73.6 73.2 7S.6 
Opaa a 7 Z S  72.$ 7t.S 7S.S 
71,f 71.0 71.S 7i.i 72,S 
%ppar 1®RT«« w»r® sxpos#^, lower slmted* 
E6t Aa ftnulysls of m.ri&nm ®f th@ of th.0 learos ©f 
tesKt© plaa%« 8»t ia el^sed p®W« or at in-tanmls. 
$mrm of ^.rintioa Degrees of freedom lieaa sgoar® 
®f Imf X Plaat spaoiiii {Mx P) 1 4.7S 
§I>a«e replioatioE (S) 
Irror a CS x"? x S) 
1 46,3g 
I S.SS 
Time Cf) (linear) 1 8.24 
(fmirati© aad eBble) E om 
H X. P X f S 1.76 
Irror $ 0.®l 
Height (1) " I 136S.f2 
Plamt ffEoiiag (P) I 2.4S 
Irror @ z 15. 6S 
H X f 3 i.se 
f X t S o.if 
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f®rtlae-apfe to this aatttr* lhl@Ts (lilS)| Glw (ItlS), Curtis Cl9Si) 
(ltS8)| ltd® Cl®i8), tllrlcfe tetllA® (10S8), WmlUm aad §ltt» {1938},, , 
mnA loals (19M) ©"bserred tl»t stiallt l«aT@8 "wmm seat 10 F®, *ara®r 
th»a th® air aa<l tMt mpomi. leiava® sit aight w»r« 8o»» 2 F®# oo0l#r th*a 
th« air» llll«r aai imaniers (ltt.5,).,aBd .aitoa.aM B@M®» (lS2i) o'b8«rr«d 
that th© t«ap@ratiir® of sa»lit l®av®s wsui lower tima th® tsuftomtttr® ©f 
th® air, iQwe-rer, C-wrtl® (ISfS) showed tl»t th® upparsat ©oelia®®® ®f 
th® l«ftT®s' relmtiT® t© th® air 0h8err®d hy th«»® latter irorker® tra» dtt® 
to laitras«Btal err©r®» Sl»©® Cwrtla (ItSf) hai foamd tl»t ®l®Di4i 
d®6r®iis®d th® €tff®mae® fe@t«i»®B, air aai leaf tea^eratttr® at night, he 
also s«gg9st«i, low t«^«r»tttr9 f®r leav®® la auallght, whleh Batsa 
aM B@l<l®a (iSi'S) reported for ®«ttoa la Arlz@m, might h® aceewated for 
hf the fatt t3»t the®# i»asw,r@ffl»«ts wer» smd® la a regioa with vaiy low 
huaidity*" 
An atteH|)t m« aai® t® predlot th® rolatlea h®tw@sa air t^nperatare® 
a»d leaf t@i^eratiires« Th® first step m® a farther study ©f th® differ* 
en®®s hetweea th® t«^®jniit«re ®f a leaf and the air aarretiiidlag it, Ihe. 
greatest differeaee® hetweea air and leaf tewpemtmres ma 9xp®®t«d la 
th® ease of a s»mllt leaf. Bi® eaergy ®©®a®^ ©f a ewallt leaf wai otiit* 
lined earllsr aii 
lasolatlon • Z ft-aBSpimtloa « g Ex®Mag® 
Or, I - g 'f' 5 IS, 
BTOTO and Sieoffib®*® relation, for M was alao' latrodwed @arll®r ast 
I « H C f • • ?) 
wh@r® f* If l®af t«iip@rat«r@ aai T Is th® temperature of th® air near' th® 

























& • W 
*• P* •W 1 
•A 'S' A ® 
\ 4- 1 





























































































© %4 IT* 
a ^ 0 
*# 
1 













5 I I 
1 « ® g| ^ • » 
«-l # 
_ a s 
I I ? 
I I 5 
I I  ^
5 i t 
i • © g ^ o 
© 43 $S 
^ g ^ 
«• ^ . 
^ i > 
s a l  
I 
¥ ' 

















































1 f «hs»li hm i3ai®p®at®»t ®f w, Piff@r»atlatlng with r®sp®et to w, 
h f*«. ^ !&*'*(f*>f) § 3E •hQ^01f)(6ai X 
+ la ae''iO"^<l,,»6 +.'0^0115 
©r| ia iiiplijfi»i fom^ 
. il*« . A t f 
a w B ^ 
Ih® A. and B ftpg^ftr i» tB® h»mm» t •mrim with winA spesdi P 
*»a & vari## wltk nrlai sp#®<l« F@f f » F», T* » ®#® ?», 
w • 10© m*/ »la#, aa€ « « IS nte*, 
4 « 10 X 10** 0al»/ ml «» 
1 » ITO X WT^ ml*/ «! mla. f®. 
f » 2,6 X ®Rl,/«! a, 
t s gg X' 10*^' esal#/ #af mla. ?®» 
kTa - J£ M. s • 0.064 fo. *ia,/ *,* 
Sw 170 18 
'a® oeatrib-atlons t© ^ f »/^ w trm. "bQte mmMng^ &M tmaspimtioa 
ar« ©#as4i®f^bl« alth,®«fh th« fmrmr is iiueli fp»at»r», Oaittin^ th« 
ei-3Stferlb*itiQ»s ivm ts^Bsplratlem, as afp»xi$»tioa f&r the 'etaag# ©f Imt 
t'«®l»©,mtwr® wltfc wtjad v®l#»ity; wonM fe® 
ATz -  a  »  ^  C f »  »  f )  
e i w  i  C f t - h w )  
Ifels ftppw>xlwttioa wsmli glT® 
|«S'» O.QSfi f®». 
d w 
mder th® '©ottiitioas «a»i f®r ^«.lettjyi.ti©as &h&r@m Th© r»latlo.a®Mi5 
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Figure 17. The excess of pine needl® temperature, T', over air 
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mfel® Wiad Sf®©d8 ussfl t«p0»tttr®s ©f tli@.r3Bi>®©iipl»s la ®.a« I 
»©%«!* «thm® «fp®r @xf»s«i'RM l®wtr tew&to'*aA p®"bate» 
leftTOS# (110# k| s-alj t0.| l#i0, Wmmta.li# i»» twfcsearet#) 
e©^l* Leaf'tOT{>®»tttrcs,, ' ' Wlad (?04-w) x 
(s#t of " '•'•• ta ' """'•'Is '"0®^ii-rliion« ®p««i (T* • |0) ® 
.B»tt , fear) lower Iwr wpger upper ffl/wta.», ;e»l,»/tMif %1b> 
a 1 80,1 tl.f 89.0 89.7 16.8 0,7 110 • 17® 
i 82,9 •Bl.l 8g,8 89.8 11.6 4,0 11© im 
i 81.6 iO.i 84,4 90, S 12.5 5.9 llO' *18® 
4 80.8 71 tf 89.2 8g.9 1«.0 -3,3 m «06f' 
h 1 80*i 82,2 88,1 SO*! is,i 1,0 45 .116 
i si«s 81.8 87,5 Sl,8 IS.O 4»S lOS 
s 81,S 81,0 84,6 i0,8 it*f g,® ••7i •16© 
4 Sll^i 79,3 90,2 80.g 17,8 •1«0 log .161 
0 1 f8«7 Sl.i 08,4 t2..0 If.8 3,6 tl ass 
t 81.8 80.2 84,5 fl...O 13, S i»S im #g6i 
s 82.7 79,0 85,5 Sf.i 13,1 'S,8 m • 1S7 
4 80.0 81,0 88.5 #7*i 14# S *l,.i 137 .m 
i I T0.6 $U4 8S»i 8'S,7 17,S ©»t 14S ,208 
2 81.« f0»f «6,S §§»$ ie,o 4»3 xm fl®4 
8 8l#f J©»© 84.9 &§a ii*i S.4 $9 ,1#0 
4 f9:.S 81 #7 Si':.2 m*a i.8 3.6 m .104 
1 79 a il*? 87.1 87 •« lS*i oa 863 .143 
t BUS 7S.i. 85,7 i8.f is,® 11® .180 
S $8 a 8®*.t 86.1 89.0 f.i B.8 6t ,116 
4 ti..8 S8.S 91.0 ®i.s tia -4,1 @ ,089 
f I fSt'4 Sl.t 8t,J 9ia i4.,4 §a $ ,118 
g 8i..S 7&,0 f®»S t2.4 BUM t.i 4i .144 
S 84*4 il.l SS.S 89,S 7.S f#0 ®e ,lg8 
4 7i.& 8I»i Si ,4 87.3 4.« lOi • 18i 
S i 80,6 il.,4 S6.S iS#© 13, S 2«S ist ,17© 
1 81.6 to*t 8i..4 St.© It.i s..« 83 •lis 
s 81.2 7®.i 8i»l 8® *6 14,9- 3,i 78 .141 
4 81.1 79.»S 8S.7 ®7.6 I5,i .l»s Its ,14S 
h I @0#8 01..© @®.l ' 87,6 13«9 "•1,® St •1E7 
2 SS.O 80*S 8 4#: 6 •S9«t 11* I s.t 137 ,103 
S #!•§ 80,1 8S..8 §0*4 13,t 3.6 88 0l4B 
4 • 80,4 fi..i 8S..® 88.7 18.4 0,1 lit *1S8 
©f coupl«® la mat abo-r# 'tifper lets ta aad mber® lm»r 
®famp«**.tar® ©# ooupl# to l®8ii" mnplm abo?®' «pf»r l®Af• 
® w ts wijoi. sp@®4., I» is ®f mpf«r i«af». 
110 
®at}l0 If# (e®»%law®d), 
tmp#ratures.» Wlai (?0+w) se 
t»#t of MMrm ' ''" Ss ' ' AboVe " ' la'" CQS5>»ri«9a« »p®®4" (f* • SO)' 
ta» fo»r5 l«fw®r Immr wppmr upper V • L®- (.I*9)| 08il«./«f »!»• 
i 1 T8.8 •80,4 sta if..s 18,4 -©..:6 ® •OSS 
t 81.f 7t.8 SS-.0 89,6 16.1 1.6 gl .087 
S 8Eii6 7S*'i 86«9 tt*l 16.8 ba s •Otl 
4 ft.»7 77.f 9S,4 «®»S 27.4 •S»l 0 .07E 
J 1 81.»6 8i»® 86.8 8T,» I0#i 1,7 10s •ISl 
2 02»4 8l*g 86.9 st..s li.® S.O 110 a?s 
8 S8»S 80#6 82,4 8f,0 ?•§ 6.6 8 ,070 
4 8-i»3 7S,i 84.6 87*1 11,1 •2,4 SS .070 
k 1 80.5 82.3 8S»S SO.. 4 ii*S E.l 0 .073 
• S 84.9 81.1 87*7 SI.S IS.t 8.8 48 .182 
8 80.9 7S,2 8S4J to.© IS.7 g,g 27 •0i7 
4 79.8 fa, 8 f7,»i ©©•s 19,4 0 •074 
leaa iS»S 14*7 i,2 S0»i .140 
••Teiaperfctaj^ of couple* is aai mbmm ^p«r l«s« Im «M ftljev® lewer leaves • 
^f«mp0Wi%aj« of coupl® la l®s« ©e-iaple %h&rm »pp«r leaf »• 
® w is 'wlHi ep®®d.f T* is t®af®rmtwr® »f ttpp®? !«»£» 
Ill 
18• ©0®ffiel«ats, r, and re,gr®s8i®ayo®®fflel®at«|,^ b, featweta Imt tsaftimtmrea mad nrlM tpasdStSf {llOO h|. «J»ly 26, 
1060, Wamtali# Sea timlsiettredi#) 
ladapsadMt marlstbl® / 
WlBi ir|l/ 
WMf^mme b©tT»eo» ia 
aaA 1 ®»., aboT® upp»r 
Imf 
T 0* jB4t 
I5@|®a«l®Bt rmwi&hlm 
Ct«af«rattttr@a) 
Dpptfr l®«f laims Rlr 
I* -O.SBS •»0»048 
b / -0.011 
©•006 
•0*061 w 
efi in and 1 «.» 





la fta &b®T« «pf®r 






«^(T« - tkjjE « t l-i ^ 04 (Wi - t) 1- € J ~ 
(f - f) Is #x©es« of Ijmf teagarature ovmr liir,*is is 
sf run, ©4 Is of cotipl®, 6 is error* 
^fiffi# 1 is %»my ®«©oadi' of twpemture obstrmtioa, (i-l) the tw»ttty 
ssooais pr®«@diag# 
®/g1ataajSird «rr©r ®f b. 
5^p©.1sli®ti«l *ml«® of r«gr«8si®B,'-o©«ffiei@Bt, 
S/TrntfrnrnMnm of th®»io«@ttpl® 1 m« *boT® tjt® l0«,f# 
m 
8p®®d and th© diff®r@ao0 betwesn th® tompemtur® of a l®af and a coupl®^ 
1 eentimetar Rhov®. That is, th© tmmmmtnr® of the soapl® abor® th® 
leaf varied with the t«p©ratare of th® l®af as was obserrad in the 
diseassioa of iBStnaaealatioii. This variatioa tog®th«r couM b® explained 
ia two wayss first^ increasiag wind spesd iBoreased •tiie ooeffieient of 
©xehaBge and d®®rwas®d the t®mp®ratwr® of both th® leaf aad the ooupl® 
above it» Or, ©xehang® of heat betwsea the leaf and the eoupl® above it 
saaiataiaed b©th at nearly equal temperatures. 
B®oa«se^th® t©fflp®ratar@s of th© oouples abov© aad ia the leaf vary 
together, both th© diff®r@no© between th© tem|j®3ra.tiar© of th© air, 80® F», 
aad of th® «pp©r leaf, and the diff@r@ae@ between the teiap®ratur@s of th® 
air aad th® m©aa of th® couples ia aad abov® the leaf sho«M iaer®as® with 
decreasing wind speed# Th© hypothetical relation b©tw®@B upper l@af aad 
air temperat«r@ was gives abov® asi 
( r - T )  = i 2 Y _  -  1 ° ! ®  ( . - B )  
70 • w (70 • f)"® 
• >c • ^ (w » i). 
Substituting th® observed w aad E, 
(ft - f) s 9.S - 0*06l(w - 80,9) 
For th© excess of tapper Isaf over air temperatar© th© observed rdgressioa 
coefficient, b, was •»0»011 P®. mia./ m. aceerdiag to ^bl@ 28» 'ftis ms 
saveral multiples of th® standard error, 0#G05, aear®r zero than th® 
hypothetical valu®. But b ms significantly l@se than ssero. Adjusting 
the 1, th® hypothetical >,parRa®t@r valB®s for tha differeaee b®tw@®n th® 
tempsrat^ira of th®' air a»d th® meaa of th® eoupl® above and ia th® upper 
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Sal&sti-batliii: rtQ-r® «xpi^s®l®ii8 iaw ^ , 1,'iftad aai solTlag for 
^ f'/^ ® , followiag ®xi»r®88ion oto-taija«#» 
^ f* « ,04fA%"^ - l.l 3t: lO"^ (1>86 » ^ 
^ ® 2E -" l.t l«8i 0,©lI)CC3#tlS at 10»01SiCT»*S0)) ^ 
« #. ilJlZ* 
B' «• S* 
•wh«r« A* l« 'tt® ©o»tribttti0B frea f, Is the' ©ontribmtiea ftm. C.^ aai 
f * »ad Q* ar® the eo»<53fife«tioas irm 'f' • '•&©» w • lOG m./ mia#, f « 90® F» ,, 
and » » 16 
il' . (67 - S8) W* . 0.076 P»./ ab. 
a @ (TO - 41) ^ 
Coa8ii«riag 'tfe# 'amgnitttits ©f th® ©aatrl^wtioai, ®oatiribatl©aa« 
S*, »©t F»j» fr«a mn fe® i4«r«i:g®feri«4 t© glvei 
i-l* » *. Itg a: 1#*^ Cl,S6 » nk 
h # a 
ITaiar th® mm^hmr -©©alitldBB «s«4 nfeo-r® th« ftppr®xls»tiom giw# 
• d,©f©f®./a%. 
latsfmtioa ®f »%0t« mpf-wxiagt'lloa glvts# 
(f» *. f) m i'fA »* ?') ** *1} » X 1Q**^{3.:»§6 » 0.01f)i!^(e»e|») 
' tl tl 
wJiar# C®| • *) &i*e •fch® lai-liml t(wp@mtar@ «'l®mtlon aat mpsr 
fr®a9«i*®« From tk» tli@ follawia^ w®ttlA b® antiel-
l»at»4i ft« th« iiiitai»«ph«rl®= hwlttty la©p«ft«®4, Cf* -• f) weaM is®r®as« 
at A iiatlaisking, r®t«» 
21 ij* K ,04<riVi . ^ Q:^Qlf) mQ 
a® 
tJi® 'mt® wo«M hmmm ««r®* awftrmBgisg, tli# rat# wtaM %««©»« «®« "^ea 
1:16 
m m ^ .*l 
V l , 2  X  •  0 » O I T )  )  
Si« rlfht Imiad *®B'b@r «f th» ftbo-r® ©fmtlon woaM b® -ttml t© S.T x 10® 
a^, fflii,/ aia* nt 6S® P» aad 7tS x 10^ at tO® F» Tli®8® mlws would mxl 
fer gsr«*t«T wiai 8p®@ds aai •mp&r prmmrm thmn nay ®3»©®wt®r®d la tli« 
stwAi®® report®# h@r«-» Hwrefora,, aa4@r %k» ©©aittion® ot tM® stedies 
r®f®rfeei, &m imrmm la @ ms t» fro Am© aa laer«a»« ia 
a ehaagt la a%a»sfph.®i*ic i»t®r "fmpor prssswre that ytmm froto©« 
olangss la at«®»ph®rte milatloa eorrttpoa&iig %©• a 1. F®« elmagt ia 
l««.f t0»p««ta.r» -wqhm b« ®f tJi® ori«r of IS Shim sod Wftggo»®r 
(IfSO) ®l>s®rr®d *apor prsasw® fIwetrntltas of # aillil>ar mng& ia oa» 
ia tl» »iei?teli»ati@ layer ©f air iurittg %h» 4sty» Crtia aai 
S®ri»ri% (1980) ot>s®rsr®d 2 t® 2«S willilmrs flwtmfeioas ia Tapor prrnmum 
la m «0coaiB at i. height of S6 ©®atia8t®r® m@r g«s» «s@f«r, Althe'dgfe 
til© iiarfae® Qta«rfmtioa» ar« ttssA ia Bruafe-% (itSt) ®ag>lri@a.l foraala 
f@r atm©.Sffe«rie raiifttiam, thm mt@r ra,pm "Ihrewgli at fleep Jjtyer ©f air -
e®aferifea%»s t® .ni.iit.tioa ia faet# CMag«8 #f mp©r pr»«stjr® ®f tk# 
oritr of 13 millibars at »11, level# thromgtottt tJi« layer (roa^ly BO a®t®r» 
4®®p) tlwkt i.s la 4lr@<it iafmrei mdlati©«l #x«Maf® with th» mil aM 
plaat smritkmn weuM «xp«®t©^ ts o«®ur ®aly fe«%w©®a 8ttc©#ssiv® flays 
<jr wia«ly s«pa.m'%i»i 'l^aea'tiiass# Gons^faea-Hy, tuy elttmga la (f* - f) 4m 
t© it ehaag® i» uteasffcierl© wpor ms ©aip»et®i t© be s«.ll. 
Hi# kyp®th®tl®al r«lati©a urets e®apar«t witl ®lis©rTa.ti0ml ©irideaoe 
f rom tb® llt®witmr®« gkler*® (191®) la©l«fi@4 efes®remtio» tf M»a 
r®l*tlT® hwidity# fhas® »o«li IJ« tmasf-swiaA iat® «ppr®xia»t0 mpor 
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fr®giwr®B» ar#e irf.da&y ©fcs®rratlo-ii« with ®l®ar sky war© 
mu If m 27 Feb., 1914 
® U4 1.9 S,4 »l5n 
-w 4*S 11 Sf m#/ mla 
f 1 $ »S « F. 
fh® ©a«i»gy «e0»©H5r of tfe« h«®41«s msi 
- aT - tJ « ®l(t» • r) - (I - B) 
f|» ®x|)r«8si©a® f&r f't" aafl f©r U .istro4«©«4 warlier «er® sabstitetoi 
ittt® th.® »B»Tgy 0&0mmft 
-1.2 3t io*^Ci,s« •••©•oir)($ai % , A^o#si - 0.0'4«i') 
« 2I(T» • f) - (1 - ») 
fh« (T* - f) eot^li a©t fe# frwa 2l(f* - T) (I • B) bssattte th« 
•mlw of (I - D) •»»« »0>t kn©m, I@T®.rih«l®«8,,. tii® tl(T* • f) - (I - D) 
womM vary wltfe (f« -f) 4«si»i®h as (l - D) was «»ff®®t@d IJJ ehiuag«» in 
R"lmo-ifl»«rio femldity# Sijr®© hyp0tli®ti«,l r&lms tor 2K{T'* • f) •« (1 - D) 
wsre ©«w|>ttt®fi from diatai 
»at@ 12 ,S4 27 
tl(f* - T) - (I • t) -0,18 ^O.lt -O.gt fflftl,/ e®! .Mft, 
O^serrei (f* - f) 7,i 1S,S 10,0 P®, 
Ik® mgnitedas ®f tij,® t0«f»rfttar® ©Iw-insttloas wer® B®t im th® sam® order 
as th@' II(f« - f) • (1 - D) ®s,loa3At®4 frea tli® oljs@rf@d hmsiiiity aad wimi 
epomi. aafi tli® hypothtti©®.! r«3Ati©a» 1Si®r®f0r®j> Bh.l»r*s (1018) ctett* 
tlraai the hyp©th®sis that mri&tisas la presfatjr® prodw® smll 
rmriMtiQm i» the ®l«vfttl®a of l®af teap©wtt«r## 
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Tal?l® 2@, Leaf »ad air and air Tapor prassiirtB# (July^  
IBSO, 01@ar lAk® aM Waimtali#) 
Tmpor • llygrotli«»o- llppsr Lower 
Sm Tiia® pressur®. graph ®P, lesif. (T'-f) leaf, 
mror to'cation July mb» F,® °P. p.® 
0 Clear Lak® 0«08S0 1S.6 7S,0 81,2 8,2 70,9 -2,1 
80 #6 7,6 71,9 -1,1 
0708S0 lS,f 76,0 78,4 2,4 73,8 • -t,5 
78,7 2.7 72,8 -S,2 
0609S0 ia,7 74,6 80,1 g,6 71,7 -1,8 
82,t 7,7 7E,S -2,2 
0fl04S 14,8 7t.O 84.§ 5,9 7§,6 -S.6 
86,6 6,6 7S,4 -3,6 
0il600 U*6 S1,0 S5,3 4,S 80,6 -0,4 
84, S 8,g 79,S -1,1 
OilfOO 12»1 76,0 80,6 4,6 7S,g -2,8 
82,0 6,0 7S,4 -2,6 
Wamtah 270800 17»g 77, & as,6 12,1 74,7 -2,8 
87,7 10,2 73, E -4,3 
261000 IS, 8 80,0 8i,7 9,7 79,3 -0,7 
00,3 10. S 78, S -1,7 
261200 16.S 81.i 80,6 8,1 7S,3 -2,2 
89 ,6 8,0 80,5 -1,0 
l@aa 14, fi 
I Warn tall tnom 16,8 7t,0 76.7 •2,1! 76,4 —2,6 
77,0 ••2,0 76,1 -2,8 
251600 16,f 76,0 71,6 -S.4 73,1 -2,9 
75,0 •1,0 n»z -3,7 
0 W&mtah 26.2500 14.1 S6,0 Sg.4 -«,6 54,0 -2,0 
68,8 •S,2 S4,0 -2,0 
270400 IS, 6 SS,0 48,7 -4.S 60,8 -2,2 
48,6 -4,4 SO,5 -2,8 
I Wamtah 252400 18,8 6S,0 6g,7 -1,1 63,8 -1,2 
6S,i -l.f 64,0 -1,0 
260400 19,1 6S,S 61,4 -2,1 6S,0 -o,s 
61,6 -1.9 62.5 -1.0 
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( T ' - T ) »  9 . 3  + 1 . 1  e  
X. Clear Lake 
^ Wanatah 
If 14 16 18 
ATMOSPHERIC VAPOR PR ESSURE, MB. 
2 0  
Figure 18. Leaf temperature, T', less air temperature, T, at certain 
vapor pressures, (0800 to 1600 h. Sun unobsoured.) 
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at the Waaatah plot* 'Hhi® sho«M hav® eaased m. iner#as@ ia at»8ph®rl6 
raaifttloa at laMttali ia aidltioa to th« iaer®»s® te» to iaeraased Tupor" 
ppessur®# tnsolatioa ms iaere®,®®* aa aBkaowi Mowat at the same ti». 
CraW (1980) obserred 1@»8 sky aa4 solar maiation'durli^ miSiay at 
Isisatloas Hsar tli® §r®at tokss tlm» fe«®s 0bs»rr«i at stattoms 
further w»«t,, ©.g# Liae®la., lebr&stoa:# This fa©t makm a^. lasraas® la 
s1^ railatiom -wlthOMit a iiwimtlos of lusolatloa Mghly iaprebabl®. 
If aay iastraasatal .®rr®rs ®xist©d,. th®y muM aot b® diie^oTmrad 
"by ©alibratlon ®f both J^grothsrwjgmplis aa# pot®»ti€w®t®r after tlj® 
lastnmeat® w#r« la loeatloa la th® fi#M» fli® uaiformlty,. at the tm 
plots, ©f til® SmprmBsi&n of th® lower l®af t»iB|s®ratiir®s b®l0w air 
t«[f>eratttr©s #Bgg©S'te tl*t m> i»®traB#atal mmr was lavolwd# Bseaas® 
of tte mriatl®!! of ttiMwasarsd f&otors, th® Gl#ar l<ak@ and lamtah data 
eonstltut«d a p©or "basis for sUsearAing th® hypottosis for th® ohaag® 
of iapf®r :sm3alit leaf t'«^®rat«r« with mpor pr«B»ar®'i 
JS 9 .« 1,2 X 10*^1,86 » O^Olf) 
69 21 
la th® ilsettsslon of th® ©ff«et of siy coT®r, th® t®»p©rat«r» ©f 
an wpper exposed l®afl#t -was preileted ahev® t@ h® ®q«al to th® air 
t®Bf>®rattjr« -siii®® th® ms 0h:80»r®d "by ©loads.. low®T®r, th® obser*" 
Tatlsnt la tfebl® 21 sh®w®i''timt th® laav®® w«re aetmlly 1 to 1»S F®. 
cooler than, a th0'wo©ottp.l» oa®-half isoh ab®"r® th® leaf* Th® data 
ahenmx ia Ite-bi® S© al»o ladloate •telmt !«&•«•©« ar® cooler than air" teafjera* 
tttP«8 whett.th® sna is ob.s®ar«d by ©loads# lTld«atly,, th®- hypothesis 
«ll@d for t00 high a l#af tsa^oratwei ®3C|>08®d l@m@s w®r© actually 1 
t® 4 F®» 8ool®r than th® air wh®n th® mn. *8 0bs®«r®d by elouds# Ihi$ 
1S3 
©OttM b® ©xplaimd Isy a ia sarfftc®' or fttaoapfeerie r&diatloa# 
fh@ t«p®rRtar© of an »pp®r ®xpos®i l©aflst oa a olear night was 
predlet@d in. th» dis6«g«ion of sly eorer to b® slightly cooler than th© 
airi on. « eloody laight th® leaf -mm prsdieted t© Ij® at air tsB^eimtwr®. 
low®T0r, th® ©%s«r«.tl0as of fftbl® SI showed that tifpar l®aT@8 wsr© 
codler thaa th® air oa b®th ©l«ar aad olotidy sights* a® data of Ifebl® 29 
als® 8ho« that wpp®r l®aT«8 ar® eool@r than air t.«p#ratares ®b both 
clear aad oloady nights. But th©.d@pr@tsioa of upper l®af t«sp®ratwr® 
oc»par@d to air t®®peimt«re ms gr®at@r oa a ©l®«r night* Th® hypothesis 
©all@d for t0© high l®af ts-^eraturtsj ©xposed leaves w©r® aetaally 
eool®r than th® air, 1 t© t F®», oa ©loiidy aights and $ to 4.5 F®, ©a 
clear nights, Th® disparity @©wld b© @xplais®d by a d@er®as© in sarfao® 
or ataosph®ri© radiation reaehlng th® leaf* 
In th© di8o««8loa ©f sly oerer th® t«ap@ratttr0 ©f a' sh®lter®d l©w®r 
leaf was predloted to b@ lower thaa th© air In th® daytlm® aad equal at 
alght» This hyp0th®®i« was Tsrified by th® data of fabl© 21t shslterad 
l9w«r leaT®« w®r® ©©©lar ia th® iaytia® and warmer at aight than a 
th©rffi00©upl@ 1 e@sbim@t®r abov® th® l@af s«rfa®«. fh® daytim® obser-
fatioa® of low«r l®af t®^®imtMr@s appear!^ ia fabl® 29 agree with th®^ 
hyp©th©si8* th® t«ii^®ratwr®8 of th© lower l®aT®» wsr® 0«5 t© 4»S F®# 
less tix-xi th® air t©ii^«rat«r©* low®Ter,r at night th© lower leaTes, #iieh 
w®« mrwer thaa th® theraocoupl® 1 ©emtiH»t©r abov® th«j w@r® 0,5 to 
2,S ?®, 0ool®r thaa th® hygroth@w»graph in th® ijastruaeat shelter. 
Although these ab@lt®r®d l®a-r@s r©«l»d mmer than th© air i®ni®diat®ly 
surroandiag th®m, th© air la th® shelter reraalasd ®t®h *ar»er during th© 
night. 
134 
S). SwMiry# Inselatlon, wind sp®@i, aad atmospheric wiAiatlon 
w®r® skowa, to "affect tli® iiffereac® 'b»tw®@a l®af aad Instrsaiisiit shelter 
taaperatares. lasolation «»«8©d siaallt l®a,T®8 to h® 2»S to 12 P®» 
mm®r thaa th® air whil# ®xpos«4 l®&wm w@r» 1 to 4 F®« eoolor than th® 
air oa cloudy iays# In «» iBrsstigation of th@ ®ffe©t of wiai spaed an 
®xpr®ision was d®riT@d f®r th® fatriation *ith wiai 8p©®d. of th© excess 
of l®af twipdratur® war air t®^©r&t«r»s 
^T» « _(f» ^ T)- . _ . y 
— a y 0*06 P® Bila,/ m# 
^ w ?0 #• w 
Sunlit l®af t@»5perat«r« ohssrmtloas tatoa by IShlor -(1916) aad by th® 
writer at Ifamtah a.gr@«d la form with th® %p©th@sls» Afeiosphsrle 
miiatlon is * f-uaotion of h«i<lity» Thertfor®, aa ®xpr©«sion ms 
derivod for th@ Tarlatioa with taper fr®8siir® of th® ®xo@8® of leaf 
t®i8p©ratur® 0T®r air' t®ffip«i*tiar®i • 
^ T* . - uz x 10"'^(lt.86 • 0»01f) i^' 
" 21 
la th# data that could b® «s®d to t®st this hyp#th®sl8 th® differeae® la 
hmidlty ms eoafoHtaded with a iiff@r«ae« la plets aad ellaatesi tharefcr®, 
the t®8t. ms not satlsfaotory# Atao8ph@rl© radiation is also a function 
of sky o@ver« Ecpos«d leaflets w«r® 0hs®rv®d to h® S to 4»6 F®, cooler . 
tlma th© air on clear Mghts hmt only 1 to 2.P®, 0ool«r than th« air on 
©loady aights, fh© teaqsemtaras ©f lowor loaros -WBrm raor® ©oastaat, 
Dwrijag the day or night lowor sheltered loares w@r@ 0*6 to 4#§ P®. 
cooler than th® air, 
©• Coaparison of stem and root t@sjf®rataroa« Th® stem aad root 
of a pla»t form a ©ontittuons h®at eoiidwetor. At lt§ isppor ®ad the 
13S 
©oaiwtor nbsorbs Insolation aai ©xehnages heat with th® atmosphere by 
mfliatlea ftsd ooaductloa. At its lower ©M th© eoaduotor exehaages h®at 
toy oontoetloa'Mth th® foil# Th« ©onde®t®r Is oottfciBwo«s thrswgh th® 
ellBW-ti© dlseotttiaulty that sxists &t th® soil lln®. For thas® rmmm 
th® plaat Mis wo^tjli aot b® @3cp®ct®d to Mt® th# saa® t«Bp®mtar® &« it8 
®n:rir033»«Bt at * glvea l®T0l« lastead & polat m th® plaat axis would 
h® «3cpe©t®<l to refl®®t th® twiperatttres ®.t, ahor®, aad helo'W th® l®*^®! 
®f th® poiat. 
An fflxpllelt for®«latl0a of the phsaweaoB ma derived, Assusaiag 
a© horlsotttal e©^«etioa. 
m o *  %) 
whsra Q is heat flax through th® 8t®a, 
T| ia th® axis t«sap@mttir® at height X@, 
f| is th® «l8 t0i^»mt«r® at height Xj# 
^ l« th® thermal ©oadBetivlty# 
Selger (IfSO) has tahulat@fi th® X of «©T®ml mt®rlals# Th® .th®iml 
0®a4tt«tiTlty 0f p®at soil is #0001 ani 'Of msAf soil #'0002 eal»/ oia«. see* 
F®* Th® eoadaetivity of a pl^at axi» ms wato»wa bttt m«st b® greater 
thaa tlwit of wet soil, #0022 ©al»/ cm# see# F®» 
fwo erfcrea® oasss w®r« eo»8i4©r®d. First, If the flax®® ©f h©at 
through th® root aM th® p®at soil w®r® efml, 
-lO^IlQ, » (To - %) « 22(f» • T^) 
whsr® TQ and t| are th® t®mp®r&t«r«a @f th® soil aad th® plaat at th® 
soil liii®. XQ « 0 at th® soil lin®# is th® depth at which th® plant 
aai ro®t haT® th® same t®»p@rat«r«, f|» Sim® fg, is gr®at®r thaa f| 
136 
Auriag tli0 day aoeordiag to &©ig®r (1950), th« axis tsapemtur®, 
•woaM b® l®a« timn. th# soil lia® tsmperatttre, T^,. fhs sseond ®xtr«@ 
®as« -woaM. ©xist if th® flwe ©f heat, Q*, thro«jgh th® stea in.er«as®d tip 
to twea^f-two tiffl®8 th« flm, Q, thro«gh th« ®oil, th® following 
relatioa would, exists 
Q' » 22 Q-
Thon Q'X| • 22(f| - fi) m « 22(To - fj) 
i n  -  f l )  m  ( T o  -  f i )  
vhrnr® to ani f| are th® t@ap®ratmr@s of th® soil aai th® plaat at th® 
soil line. Ig • 0 at th® soil lin«, ia th® t®pth at which th® 
teaip@mt«r®' of plaat aaii' soil &r© »qml to tj_« la actuality an iatar-
ja®<iiate mm eould exist if th® h©at ilnx through the axis war® more thaa 
one hat less than tw@Hty»tw© times greater thaa through th® isoil. This 
woali produce two results. First, *or® h@at mvM h® ooMactad through 
th® plant axis thaa through th» soil. This would iaersas® amplitade of 
th® diurnal aareh of ^tsaperatwr® ia adjacent loirer soil lay@r« aad 
dao'raas© it ia th® adjaeeat »oil sarfae®. Saeoai, th® mplitado ©f th® 
dittrnal mroh of t®a|»»mt«r« wowld h© less ia th® plaat axis thaa la th© 
soil «irriroime»t," th® differene® hetweea ®)wiroia®nt and st®® would 
reaeh a mximw aaar th® soil li^n®# 
Other workers hav© ®l>s»rv®d that ooaduetioa of heat dam the pljist 
axii im th@ dayti«® miabaiaed Ifli© teapemtur® of th® lower stea hslow 
th® tsrapsjmtur® of its smTiroiMS'Sfe. lottsohal (1939) ohsar^sd th® oooiing 
effect of eoadttotioa to a height of ten f@®t afeoT® th® soil line ia 
trees• At th® soil line 'tt® sap wood of a ohestBot tree was 2? F®» 
cooler than th® exposed barfc s^rfaeei at a height of three fsot th® 
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falsi® 50« Air, soil, aiid stea temperatttras for a large and a emll 









a • •  • •  '  ¥ 
Saiall 106, 8 11S.7 8S.8 92.7 89.S 89.2 87.8 88.® ®F 
10S.4 105.1 8S.4 93.1 es.o 07.8 87.8 SS.f 
98.3 101.7 ©4,1 90.4 86.8 84.g 84.4 8S.6 
96 »S 101.2S 8sa 89.2 86.2 84.4 8S.0 85.4 
Mmn 101.2 10S.4 84.S 91.1 S7.6 86.4 a5..6 S&.4 
103.5 8S.S 
Uirg@ 8i.6®- 8l,6» ?0.6® 7i,# 84.® 8'6.S 84.7 S4.8 
82.2 80. S 70.6 76.3 , 85.7 86.2 ss.o 81.® 
81.5 io.o TO.S , fS.7 81.7 • 8-S.4 81.9 eg.o 
81.1 • 80.8 TO.e 7S.1 •SS.O Sg.S 81.9 82.7 
01.8 80.€ TO.S 7fi.t 03.4 84,4 82.9 81.8 
81.2 82.9 
a-Shaiwi. 
Is'bl® Sl» Amlysis of varl&ne© af air aad soil surfa®© taaiperattires for 
a la.rg@ mad a a*II t^aato plant* 





Flant 8i2® 1 27.83 9S1.44 
Spio» r@pli©&tioa 1 0.08 8.8§ 
Irror a (P x S) I 0.06 29.97 
Tiiw (liaear) 1 2S.01 9S.10 
iam.&r&tie, oalsie) 2 S.71 4.05 
P X f (tim&r) 1 1..6S 5S,96 
W X f Cfwiirati©, -©aM®) S o.os 1.88 
i X f ^ • 5 3.01 1.80 
Srror h S 0*97 0.8t 







X NEAR LARGE PLANT 
X- IN LARGE PLANT 
0 NEAR SMALL PLANT 
-0- IN SMALL PLANT 
SOIL _1 " ^ ° 
LINE 70 75 80 85 90 95 100 105 
TEMPERATURE, ""F 
Figure 19. Temperatures of tomato plant parts. (llOO h, July 27, 1950, Wanatah. Sun unobscured) 
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th® specifie plant lirrolved, the relation ms fitmoastrated as wtll with 
©ora fts -with t®aat® plant®, fit® obgermtioas wer® tai»a at the 
AgTQ-mmj frnm, J®®s, I.©m, at 04C» ftsd 110§ h ob A»gwst 8, ISSS# fhm 
ticy ms eloar at l>©th tia®s» Bi® soil ms mlasml, Cl»rl©a, ami ooa» 
«#qa®Btly .had a tli®f*l ©oadwetiirity afcomt twle® as great as th® f«at 
soil at Waiatah*. H®w«v@r, th@ ©oadttotiTity of th® plant axis is so mttoh 
great®*- tiaa «rr®tt al^mml soil that the results of the differsfKfeial mm» 
daetiott mr@ #"rld®iit m th.® aij»ral soil a® iwll a® ®a th« f@at« Themo-
©oaplei w»w thr®a4«4 lato a S'feadod plast «i.s at heights of 1,. aad 0 
®0atia0t®rs, aai at 4©pth8 of 1, S,.4, S ooatlmttors, iiao# th® roots 
at a i®pth of 16 eei^lmtors mm to® saall tor th« lns»rfcioa of th® 
th0r»s0«pl®.|, a themoeottpl® ms wm|>p®<l arouai a root at that d®pth» 
fh@r»o©ouplss w®r® also giafporfcod at tha EIYW 1@T®1S ia shad#i air or 
soil m®ar th® plant# Aft»r th® th®ra0®0ttpl«» w®r® l®oat®i la and atar 
th® root®^, th® soil 4m rat«r3a»€ to th® hoi® with th® saws eompaetioa as 
®xist®<l, i,a th® siirrowndiBg, .soil Sine® th® ioil" had hoea oaltivated r®* 
peatadly darisaig May a»d 3mm, th® soil in th® rwaiadar of th® field was 
®3^®et®d to 1»T® a Btruotwr® similar to that of th® soil ahotit th® 
0oapl®S't 'Qj.® soil w«« thaa mt»r®i aad allow®d to stand for 48 ho«rs 
l5®for® ohserratioa® "wr® aad®. D«tiMig@ sad sob® root pomitratioa mr» 
«acp®et@d to hriag th® soil asittar® to fi®ld poroaatag® or h®low. 
fhm results ar® tatalatsd ia fahl© 82, Thsy ar® also thowa 
graphisally ia Figur® 2©» fh® hyfoth®si« ms v@rifi©di th® teHfjepatar® 
of th® plaat axis »®ar th® soil liw was low@r ia. th® daytim® and higher 
at night than th® ®a,vlron»8afe*l t@^»ratwr©<, ia an ®arli®r paragraph 
th® fttuetion for th® eoadaetioa of h®at was. d@»erilj®d» lowrlting this 
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Tabl® St. Te«p®»tur®s of th®3f®oooupl®s in and nmr a sorn st®a and 
reot growing ia Clarloa soil* (August S, 1®S0^, ia«s«. Sky 
olw&r.) 
ur0l^ 
Ha® Looatiott r" 1 0 -8' - 4 '  -16 em. 
0400 h In plant 62,8 $S..6 i4,.s 65.7 i7,S S8»2 6S,8 ®F, 
6S„f 64.7 65.5 66.0 67.S 68.2 6© .8 
62,8 6S,« 66.0 65.4 «e.« 67.3 08»1 Sfi.9 
6i.,7 eSfS 64,S 65,2 66.6' ' ft7.S 18.0 89.9 
l®am fit •••7. 6S,6 ©4,0 6&.,4 #6.0 67.S 68.1 6i.e 
lear 
plaat 60,6 60«5 fl^S 65.8 ®4,S •fs.s 67.9 6t.2 
m.,4 S®,® 41.9 6S.fl 64.7 65..7 67.9 60.1 
88^8 eu$ i4»© 64.S 60.7 67.9 69,0 
eo.i 66.0 
€t,0 • 6S.7 64.S 6S,7 60,0 §9.© 
l«&a i®.8 Si,7 61.f •6S,.S i4.i fi...6 67 .» 6B.1 
1100 h la plftttt ?4.« 74i»i.S 72.9 72,1 71.7 70.7 69.7 
?4«4 74a 7f,7 73.2 70.1 7l.t 70.7 6S,7 
f4..® 74,1 71»7 73.3 71.2 71.9 70.8 €i,7 
74»S 74,2 72,7 7i.3 71. t 71,0 70.9 S§,7 
M#fta ?4.6 74,2 72.7 ma 7t.2 71.8 70,S 69,7 
I®ar 
plant n,B 7®.i 81,0 7S,t 7B..6 74.0 71,i 69,4 
80.7 7®,S 82.8 7S,S fs.a 74.0 71.6 6S.4 
88.® 82,0 SS.® 7i,8 •fS..2 74.0 71.6 i©.8 
.80 7i*7 85.0 7S.8 fS,2 74.1 71.6 #t.S 
laaa SO.i SO,g 8a. 4 70 *8 7S.S 74.1 71,6 6® ,4 -
of ©•bs«irmti®a *«.®»-r0a from -feii.® soil lla®' with positiTs 'iirttetloa 
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\ W W W W W \\ \ 
0 4 0 0 h —  
SOIL AND AIR \ ^  l l O O h  
/ SOIL AND AIR 
0 4 0 0 h _ \  
P L A N T  /  P L A N T  
Ox UJ -8 
80 85 65 70 75 60 55 
TEMPERATURE, ®F. 
Figure 20. Temperatures of thermocouples in an near a corn plant 
growing on Clarion soil. (August 8, 1950, Ames, Sky clear.) 
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funetioa, 
r  = A1 3 j l ! i L 
« X do - fi) 
wh®re tk« pri»®<i fBitjititlas mrrmpeai t© th# pj^at tad tM@ iii^rla»d t® 
th® «oll» Q is th® h«at flva, ^  th® Iwat ^eoiaiuetliritf^ f^. th® t«mp®3pa.* 
ttir® n«*r th® soil liae ant tj th® t6B^®mtur« at th© i@pth whero S0il 
®,aa plaat hav® mqml t©»f®rattir®St fh® eeadttotiTlty of th® alasml soli 
m.s ®f th® 0timr of .000g| th® ©aaiastlTlty ®f th# plant ms ass\»i 
t0 h® ,0021 ©111*/ em» s®©» f®» Th.0 tes^sratttr® at «, 'idepth of 16 e«Mfel-
wters mf ae&rly ooastast!. fh© 4iff®reB0«B hetweea the te^^ratur®® 
at I «.ad 16 ©@ntia®t«i* i#pths wer®! 
0400 1100 h 
•Plamt -4,4 fS.S f®. 
s.®ii •©.? •e.s 
ftss# •ofes«rT»tl®ai ©aa h» tpaBaforaS'i hy th® abaw reiatioai 
|i 8.5 «•! 
•JSI© fitwtiQa suggested i» the th®or@tl®al dlsetisiloa ®*rld®atly ©xistadi 
th® h#ftt flttJK WM greater throa^ th« pl&at Mis than thr®«gh the soil, 
bat 'th# t<»ip®imt«r® of th« axif ttsmr th@ soil lis® was l&mr im th® iAf-
tiJM unA high®r at aight than, th® i*e4iat9 ©aTlr^'Brnttiit. 
P^sloal r®RSoni'»f ai^ th® ohsormtlsns of others l®4 t© the pr®» 
diotiea tImt th® t«ap@mtmr«® la a plaat a*i» m&r the- soil 11M would he 
lower la th® daytitoi' and higher at aight tl»a is the eisrirojMBt. Plaat 
ajEi® 'fiai esriroi»9»t t«i^®rat«r@s were aeafured ia tornto aai in oora» 
Ia.6k ®f spa®© replieatioa la either erop pre-reateA geaentliaations based 
im 
wpoa of ataas aafi -wriaae^s. Iw#rth®l«s8, slae® agr®0«®nt 
with th® h.yp#%h®sls m.s ohtAimi. ia 'both wops,, th® li^oth@sis «s 
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wouM oatig® ft 4iffar©nc@ of about $ x 10**® gi®»/ ©ml min. in. ©wpomtion* 
Biffereao®# In teiapemtar© of 10 ?»• w®r® ©owaoaly «bs«nr®d betw»«B 
l0av«8, Fpoa L«ighly*s (lf57) efwatioag 
Al . 2,4 3C 10-®(1.86 • 0»61f)(«0S7 x 6,11 jc ), 
^ T« 
Wh@B th@ air t«Rip#ra.1;ar@ is 86® P., 
Ai « 8.8 X 10"®* 
^r* 
ft® IG F®. diff®r«.ae« ia l@af obstnrM irauM e&use ®. differ-
em® -of ttbeut © x 10"® go*/ «» altt* ia wmpemtloa. Sine® a. nommnlj 
omurrin^ la®r®»®sfc ia empomtioa iw« t© ©Itrntioa of l®&f 
is. ®xp«ot@i to b® about t®B tlm®s g.r®a.t®r tima m mamnl'y @mnrrin^ 
imrmmmnt .i«@ %© «l»iig®8 in mpor fmsgay©, mm #xp©s»t l®&v@® eaa b® 
«xp®.©t®d t®' b« th® 4ri®r 1®»t«s r®'g»,rdl#ss sf »©.A®mte iBi®r®«liwa.ti® 
•arisitions ia air h««ldity» Becans® Tiability of spoyai^la of , 
PhyteptithOTft inf®8t»ag 1.® d®<»r»ai,8®t by •is.siee.atioai the ftoagas woald 
«B0o«Bt@r eosditioB® mrm ftitiamblo for sMrriml ®a t!i® obeltsred l9ii.irss 
ti»B oa tbs'sjialit lettT®#» fhls f&et it r©l«.t®i to Isite bligteb ilstpi-
btttl©a ttpo» f^at m Mhmn l*t«r. 
St8<li@s la tb» biology of F* iafggtam Mid® by leltats (1918) .aad 
Crosisr C19S4) r«l»t0d %h» r#p3roi«eti0.a ®f th.® f«ftg».« to tb® tempemtttr© 
of t&® a# t®Bp@r«tar« of the oariro-jmS'saA, tb® host, Ims 
b«»a ii^®rf@©tly fawwa ia tb® fatt# B«t th®' rosmlts of tb@ i.Kv®at4gtttioa8 
roforted bt-r® fom thm basit for 8t«it»»@ats of tb® relation b®tw®®.a tb® 
dl®trib»:tloa of 4i««ft8® oa th® boat plaat aad oaviroMioata-l tea|>@.ratmr®» 
Twperataroi Abov® 8©'® F» v#r« showa by th® two nwrkors ©itad aboT® to 
m 
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i s-'i I 
IS© 
ma -rtrlfieA hj th® oiit#,rrAti©iis of •fml im«r»«ats #f 
©n «pp®-r a»S l0mmr lmr«a, Sl.a«® th® sform |>roto@«4 ©a tli® loiwr 
juitrts ®f -fell# lio«t ar© ia a, wlAtiTelj a©ii-l!«:r%»l©nt lfty»r ®f 
air, tli« of w©t»M sl^w-* Im ©eatmst, 
i«rlag mmtlmr Wgr^egtitear^ iaf®®-iaii,aa -mnM mxp@rimc® 
®®aiiti©»8 f©r smpvlml mni. incrsas® ia «»:p®«#d or 
furtss ®f th® fe0«t» Ife,® tftr®# ©a tli® «fper parts ®f 
teit mr® l» a • tarfeal«at layar ®f «.irt tliis fitts 
ia@r®«.»#i »por« «»S Tiability, woaM r®®ttlt l» aa iaersai®®# 
mMm ®f #|»r@«4 ®f tli® faagas -itirlBg el®Miy w»th®r« 
B®@»tt88 %«»f®i?»twr® «f Ilk® •iEflr®»»sb lm£l«®n®®® 
it® tmnriml »«€ »f:r®ittsti#a, ki»wl«ig# »f «afl3P®iai«'Ste»l tawferatiir# 
Is Isfsrtattl Is •», fer#m8% ©f %ii® .#ev®.l®f»®ste ®f tli® «H®®as®, fh® 
9«Ttr©ffliea^l mm. b® •stisatsd from tastrw®!^ flMil%®r 
aad -fefei® f®lii*i®tt® gi-r@a' ®» th® fr®o®ila« pti®8 *w4 i» th® 
Altfcoa^ %Ii®®« s%ft%®«»fe8.*,r@ far fr®» pr®®li«, ttoey && feipait 
«, wrtlwrlill.® ftijmsta®#! &t efloraatioml m®t@orol©gi©al &'ba»rm%l®m #®r 
tts® ia 1«.%® fellght f®*^.ea.s%liag lii. «ai ia *g3rl®ttltam,l 
climtolsfloml -staii®® tm §@n®'riil, 
fii® ®©®Hiag ia^ tte® i»y%.i»0 ftal im.rttlsg itt Mgkfc of iii« stea oaar 
tli® #®11 liB® is • ®ig.i4fi©a.at i» tii® ®plfh|%ol®gy ®f ffttli®g®mB»^ 
p®ili0|@» i» %h® at tMs height w®ttM «^»rl«ii©» l«®s vi®l®st 
t«af®»tttr« •mris'teio.a® %toa ly tl® te«f®p(Rt«re ®f tM® soli or 
air mrr^m&im st»3K». f®r P, isfeitfta® ia ® »t«® 
le«l®a &t Q-TOB * partiislly fMwfc woaM ®2^®rl®B.fe® r®latifi®ly 
*4®«t« t®af@mtay®s Aarlaag tot iwmtber. Is ttts my th® ptthofaa 
ISl 
©©^i « f«rl©i ®f wmMk0V wafft'rom'bl® fsr its 
fcftv® arlt®» imrin^ sttt€l«s tlmt Jut*# mt 
•b®®« «.ttsw®y®A# lfc#9r«ti©al freiii^idas #f l3#%w#®a tli« 
®f fteat •m@m wrlfisi la * 
w&.mmr l)y tha. mrMmmt Ih# r«liktl®a b#tw«®ii 
tfc# ©f «i# plitmt «i* *at It® aarlwaKwat iwr# ftls« 
Bttt flit® r«lit%toa 'bttw®®!! Im'wm «i»l th»ir ®«vlwa» 
mt m% 4iifia«A %y %&»«« iaw©:ftlpitl©B«» S«wi»3. 
t® tl»« 'itseiriftl®® af %li« jr«l*%loii "b® fIrtt, 
ft msm nfttlifMtery wttei of »wi,gwtri,ag ittf »«% 1»® 
!&lt rnvtM ®®aslst ®.f i« «f tto' r^tlatios "fsatlMtism 
srwM @f a. la th® fteiaA^" of a l«*f, more 
»ttf% fe# mi# ©f ft&®r M?tfi#r©l®g4e«,l fa®%or8 
©®a®»i%'ai^ -114*11 tfc® Wiwi »pmi mA 
«« wtao-obflMly til® mnt S^®pfc&afe af ti@t« fit«tors» aim® the 
©f «©l»agt»: ®f th# leftf fr®iila®iilly la thet p-r®* 
.ii,fffei«at ®f tlw «©©«« of l®af •©•f»r »ir th# 6©«:ffi®i«st aast 
"b# teBm'»r® a©@«a%»ly« ftii T«rlt#r «isi,g,g««%® ttet tit# tint «%ep to® 
•fell® ®itimti©s ©f ttaf pium»i%#rf la th# ftt»tloa 
lis -"(j' -') v»-l) 
^ w t, • 
liber® f-» la th« Imt f Is %ii® air w is mrlM 
:8f««€|I, iitti a %Imi t® hm flfees® 4ifer«® 
stoaM p$itsAM -a th® fl»M ®t>«®rw.%4©s8' 
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I  I 
IM 
ft.«. -fell® to 0fipli,yfc©lo-gf m® 4laewss®d 
with sp©eial ref».r®aQ® • t© l»t« felight, • 
1S6 
lY,. miiAiifs qf fmmmteom. imsstkwb mmmmmtijktbp 
Bf' Bismsi PMVCKOI 
,4# lalsrttitteMom 
Bi© itMlity «li8®«.s« is » el»met«ri«tl® 
l«s shwwtt t© mrj- wltMa sp@®ie® of plintb pathogtns# 
For Srlk$ms $.M Earning ClSffi) aarly ilaeov«^f«(i tltet 
taolftt# of fmminlm grwttnig. pfwiwM M»mm. oa o»® «p#«i'@8 ®f gmt® 
* &0®mA isO'lfltt® ill i»t» Si»l.lftrly,# of atylo plyfehoiy. 
iafes'lftas ha*# hmn ir«p®rb.«4 to 4iff®.r la tteir %© mmm 
tl®@age in pd'toto a^ai to*to» 
a ph<amm9mw. mnM b« ®f «asit»mfel# sigaifleaa®# ia tfe® 
p»dieil©a ©f lat« %llfM 0pip%%o%i«8-. Im adiltios to kaondiif if tfc® 
wm^hmr ii flt.« f®r«®«,st9r s'toaM kiw, for las.taao®4» if 'tfc® 
of P. l^gsjtos pr@8®at • la a gr©wi^ area Is parties-
l«.r% ptttogeale m 
Se-rtml w®rk#r» toftv® hmu *%!© to a«i®ast3r®.%» iiff®3F®ae®s ]&«%«»•#»» 
is©l*t®® ®f F. laf®«%3as "by ««as® of th® €l8««®® -islii®!!. tlio frs* 
itte«d oa tosmto aai pl«.»t8» laai (if 11) that tfe® F# 
iBftitftB® mming l&t® blight m t©*:fe® aigkt b# piiif«l®l®gl®iilXy iiftmmnt 
trm "feh® ffflBftt® «f til# 8«»« sp®©it« thmt »««©! psfsttQ !»,%• 
Iji-fetp, Mill®!' (IfSS) i.B m.risMa #f lait® 
flight fang«».» loth •wrlattt® at%a.«k®i p®%a.to piMsts t« ih® ina® 
l)at tfe.® mrtaat fr<» teaat© atta®l;@d t©ai»t® flatsbs mrm sm^rmlj fimn ili 
tfc® ®%h«r mriaat# &»ll (ifiS) stad Illli (IS^) fotia4 thulj P» infasian® 
ls©'lAt«i from fe»eM® «rfer«i®lf p«itfe®g«ai® ap®s toaat-fe) after 
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1 1 1 1  
im 
% / 0, Bi® thiri s®t 0f obstrratioai mnli. IJ# takea s.i ttldtae# of 
i4ff»r#rfsiii.l rwetloa ©f %hm %m piith®g@a cat©.g®rl©® to %li® ©avlrearatats* 
In iM» s«t (?a) jit ®* *•» l80la.t®» mry ta tMs my, will fee 
-mrliisteBCfa)# 
Tm tm^vm eaa mm ¥» imtimM 
Aa «i»lro»«»'lal mpm 41«®ii8« •xists if / 0* 
¥«ift»tsCf») «xis-fe if Cpb)j^ / 0'». 
C®a«M«rtng %h® i®ftal*lio»^ T«..ri«it»{fa) ar® •«#» 1». i#ijea4 ••apos fefe# 
®aflr0MB«»% «ts wtll «.s til®' p«thof»»« larfeia (If4®) l»s |>r0i®atei «"rid«Bo# 
that •mri&aiS'Cfa) «:i«t ia taf»8tifctta« oa® it®l*t® of tli® 
f«api® w»s nlbl# to aurvim fcifli»r %lm« other i«o3*t®s# 
?®f«l Cliif) lMt.s s&0im tlmt •matumhuipa} «jEi«t ia Foi^b igsaiftyittgi 
isoltttaa sf th® fmm® mri:^ ia utility •%« witJutasiS *iiKs ofcilorii®, 
ft Tiooi pr»#®'3rmtlv»» 
fli® M©l#gi©al ini®i^r«tstti®.-i«i ©f flT# of tk® fif%®®s hav® 
l»®®a ®3Eflicitly i3.lwsteit®4 aM tt«®4 t® tfafia® ia tews ©f 0l>s®rv&l)l« 
faot® th@'©Imr&dtB'rlsti## «f th® immimi ia ii8®a®® prodttotioa. 
fh®i® fiv® ®xpli«it illttitimtloas tk® 3f®as#isS,ag that l®ai4s 
th® iat®rp»tatioft @f th« ®ff»ots i,»i •renoT® th« »®e®s8lty »f ilia«» 
mek @f tli® 'etter t«m ®ff«©t8» 'fh® i#fi®iti®SMi provided hy the 
otfe«r «.r«i 
•ft® 41ff®r®»©ei la r««lst«©e mry wltfe @Hfri»3W9»t if Jtf 0« 
SA»if®itati®a sf tl»» wri&iatsthp) •m.ry •with »asrlr®aa»at^ if 
llsltta aai io€@Hlils«r (It^) ftmi tii&t thm *Bif®«teti©a® of iwriaatsChp) 
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©f mmirommt «.ad Hm nf&n Mm of tlwi® thr®» typ®« of 
w.rlaat® hav® %mm €»£!»#•» With tfe«8# mmia® 4«fialtioM. at hm&, 
fmnffeitnti-r® wEperiaeatftl itt%a «» I?® tts#i to t»«% fer th,® ptmmmm ®f 
tM# mrlous ©}».met®rls%i«s. 
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1 1 1  
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im 
5i» first • ot tb® ex|»«ria«a% mml§t0i of six%«®a toaato 
naA a'l3Et«#a plaats «.t maAom iat© four grosps of f©«r 
te»»,%© mn&. fmr ^©tat® plants. At 1«© h ©a f#l&roa..rf • 11, ®aol 
p*«>ttp w.» tpmysi with &m of tfe® fo-tar saspettgiess 9t laaesto, a« 
®«®0'»4 r^lioAt® •&£ thm osastst«.d of Eaother toM&to 
aaii sixteen po-bsklfo pMais isoeuMtwi »a !«©&»«» tli©' 
r«pll«t@i e©as:ist«i of r»p»%l%ioai ©f th« ®3ip«ria»at'iBlth dtff#r®a1s 
mni with, 0:ial%iir®8 of the is©Mt»s.* aa was 
©fei-teiBssi ®f tt# ,r@p:*^«ltt6ltelllt|r of tk«' rssttlts* fh& Mpmj ms itffliei 
«t •«. »iit hj i»m& fct^aliers watil implsta &t saspeasisa 
oa All &f th# • til# w@r« imm&imt&lf ia it B®i8t 
©feaalNr la wki^k m fhm ulr is tlm 
0fe«Rl>@r m fmhrmry 11 Mi II mi Si to SO® f, ®» l&re'li S iJid 4 tl»® 
ftlr -ms 6® %o F« fm hmn »f%®r lm««lati0ii wi^fealf 
®f" -tt.# plaats wr® s@l«'ett4 a* misAo* aai r«swv«4 fraa tb® ©litabtr ftai 
plae®i oa $rm-AomM0 1j»aek# fseatf l»0«r» i0.ft#r lae©Hlft%l'©n th® r»» 
m.imlng plaats WOP® ali:® plftoei m tkm b0mh» 
fdllo^wlag %ii« ftfermry tli« ®ir tmp&mturs mr&mS. tfe® 
plfeBts ms l3i«%w®#a i0,8ta€ 8©® f«. mxmpt f©r 't4 bowri wh#a th® tsmpemtw® 
bwt*®®® Si 'nai F« a-aft 8 'liosrs wli#a tli# ms b@tw®«a 
ifit *ai SS® F* raiatlf# hwi-iity ©f tiw air m® *1»t9 80 p«r <s«ij,t only 
4 Followli^ th® Iftrsh laoettlatloa tfe@ a.lr tein^^ratsr® aroimd 
f Jjaatg ms !»©%»«#» SO asS §6® P* @xmp% for fedw iiie» Idlie t«ttf«ratar» 
mi fe®%w®®a Si- -i.ai -®0® f« fcM $ Mnra wimm tk® t«p®mtttr© iwiS b@t«-e-®a 
8© airfl 8®® P« fh» wistiT® k*aiMl% mf "tti# iRtr «« #0 por mnt 
oaly S tesrs* fh» prop®riloa -of th@ l«ifl@ts of tk® th&t 'km4 "bmea 
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is©3&t@ lost ' ri»® 1 2 S 4 Sm. 
1 f 1 0 0 Sf m fl 
g' ^ 1§ 21 Sf 41 lis 
y 1 0 0 0' 21 it 
t « 0 it SO m 
« f • 1 ^ 46 if sa S4 218 
a 00 so f© SO •SSO 
•p 1 0 0 0 Q © 
2 0 ® s© M5 12S 
1 • ' f 1 0 0 2f 17 it 
a 0 0 82 28 » 
p 1 0 0 0 0 0 
i 0 0 S9 0 3t 
m. f 1 0 m 16 to 81 
g • f® so 42 • f©- S12 
p 1 0 # # 0 0 
t 10 0 © 0 IS 
' f I m S4 43 S7 m 
t u m 40 45 164 f I . § & ©e • is isi 
g 84 iS m 90 tso^' 
HI 1 to s# n SO S40 
1 SO m m 80 sm 
F I # 0 Q Q 0 
f IS IS 71 m 215 
I f 31 0 ii IB M »8 
f m 3i m 3.3 lt7 
F 1 0 § 0 0 
2 4S •0 44 4S ISO 
4S f !• f6 » SI 3? ITS 
•g. t© §0 iO 80 M0 
F 1 Q 0 & 0 0 
t m 17 $8 m US, 
1© 
to 
•SAjre-sia Cfwr^ea-lag® killod)!"* • • • 
% i« spemii^tal .sa»p®asi©a, i looaperfifl. «asf@agloa, 
s 118 Mars, t a 2S2 hotfrs* 
172 
Hh'blm 36. of mri&so® of host, iso.Xat«,, spore • suspension, mnA 
aotster® tlm# ®xp©rii»at. 
Somre® «f mrliktloa 13#fr»«a ®f fi^@4@a ' M»aa 8<|ttaiii 
TlLsft* '©f ol(a@r«tl0a. ( f )  1 • i®25,?6 
F!L&at« i8 
l#l>lleat#s (i) I 6800.70 
Tr®*fea»atB 
a&^fCD I 22448.61 
(P) 1 S061»94 
IP 1 g4?80,®i 
Swpeasios (S) I 1SS8©*9S 
m 1 m.m 
PS 1 164.ge 
HPS I 1218.S4 
l©i»tBW (1) I 6829.88 
* 1 17.2S 
m 1 11.88 
1 8sa.s 
M 1 • S6.,44 
IM 1 1T.2S 
P« 1 ISS.St 
•af« 1 7.«i 
acfr®at»»at® 
H • 1 26SS,.©1 
F1 1 289T.il 
ara 1 I7.g0. 
SI I 3110.6S 
MS 1 20Sf,01 
til 1 11S.» 
»B1 1 imM 
^ 11 1 S-.Sl 
W 1 4S1.44 
*1 1 8t,S8 
a*» 1 6g5,?0 
« I • IS.,82 
lai 1 1S8.S8 
^mM I MT.St 
»*i I Ti.f© 
Witkia ft , l?S»if 
IW 
»1# ss, 
iwre® mrimmim mgrrnw ®f mm» sfmr© 
fsPlMts §8 
fl I 866. S3 
II • I 2mm 
Pf I 1332,57 
iPf I 1256,26 
St 1 61.88 
®f 1 2585.01 
SPf I 255.94 
mm 1 995.70 
It 1 39,38 
i*f 1 ses.sg 
M? 1 7,51 
IWf I 1478,32 
«f 1 876,76 
I«f I 61,26 
1 197,SI 
• I 567.88 
a® 1 i$m;u 
PTI 1 HO»ii 
HPTR 1 gs.ss 
SfR I 
HSTR I mi.es 
PSTK I imt.M 
HPSTR I 1©S,M 
MTH 1 St.SS 
«fl I 244,76 
wm I 47i.es 
*fl 1 IM.Si 
mm I iss.si 
HMTI 1 «I.S7 
P»TS 1 4l.is 
jipmm i mf,6i 
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i?e 
ftm of ©bsermtlouj, hours 
lit ' tm 
. J TO Jut® 
a©st i@0t ""T~" ' M "  l«Ra 
f 18 »8 S4,» f iStfi 8?«® •i8,»s 
,? U»t :0 §•« f it.,© gta M.S 
M«ia li.O fS,4 ma si*a 6sa. #6,4 
»» of tfe# mria.ia%«(hjp) mm mm olviows mh&m th# 
d|Ls*s# ®lja«rm%l0a« w»r» %ttk#a a% tSt ratfc«i- ttea III l»arg after iuo-oa-
liitioB. Bi«' #ff»«t mi wifom la •'bwtii reflloates »« stowa l»f tk« imll 
w»3a if^ire Attrilttt«1bl® t« tli« tat®««tloa of li«st, pamrngm^ tla»,, ms. 
IPfl. tfc® larga mie» of th« y*tlo •©•f tha -mmn 
8ci«rt for th® i»t®rft0tl®a ®f host., pttthog#a, «,ad t img Sff|. t@ tit# Man 
Sfwi^ f®r -withla tiseji replloat®, «.tt4 tresttiwat ffsnritti «Tia®ao8 that 
til®' tia» isf gtffa®t«4 tii« wtalf@»^ti®a of ,pi%fciog'@al© raess ia 
tl>@ f®|mlAtl0a tr&m. whleli tlt«8« w^pllmtm w®r® ifmwa* fhis ph«3aeo»®n0B 
lif «ignlfl®aat is * Aei-wrlftisa et tte ilff®r©«®# that saElsts ¥®tw®»a tfc« 
t*ro 'lAtliogQai© mmsrn Isdl®t® 1 Mi killsi «. awto®r ®f tl» fewsr tewtt® 
l<iftfli9t« ti» sM &f lit k®wrs« WsmmoTf tli® fatther i@Tol«|>s»iit of tli«' 
4is®fc»« mm t©i»to w»# nlmrnT tJiaa 42* fli® itwlaiwsttt 9f % on 
te®«t© *« *ls« sl0-mr thftn either aa fotftto* this, of mnmm, 
mia the r®«««a. thAt vfm w&m» war® mtb mmixf 4is®riaimt®4 at the •»& • 
©f tSi Mws *t tit« ®b6 of %%$ lifttsra. B^mw# th« iiwp®l»|»«at ®f 
tiidlAt® %$ m.8 aer# mpli. ©a th® ©a i©th tests * Cp*fe)^ / ©• 
it, isQlat#® 1 aai 4t ®fa Iw •SAW t® ¥# mriitattCft) la this oxfsriaeat. 
ftds (l@pa.rtar® fro® «««• i« largdly t# tli« mm mpii 'iavalopttat 
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widtr tfe® @#aiiti9as ©f 'tliiB e#a8i<i®rlaf th® 
wrttoi mn& aoi«%«r» ti»8 to ®Bvlr®aa®aM.l faetara, th®r® m® m 
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gr«®ato«i» Tht tinfiewitar® imd i-olativt hwilditf of tb® ftir 
iiarrottailng tli« pMats derlag tb® first tw@ ileat®# li sot im®wa 
Eam'mFp wmm^mm-t of th# g,r«@aJtow« ms aot iiff®r®»t 
iartsf tk##® it ms imrisg %k» of tim thlM 
ittPliig tk« tMM pafliwt® -fclte# air tca^smture ms, 10 SO ®F» 
f®r Ifi li©ttrs w&oii tli« tisaptnttar® *»» to^@tw««a SO nai 6§ ®f.i -life© 
nilittiT® liiaaidity m® l»®s %!»» SO per ®eals «®@pt for S h,®srs# fhm 
proportion of fto l®ftfl®ti "blmt Mi %««a fcy irf».ffeaja« 
iwis 4e1j«ml3a®4 11® ma4 tSI hoars «f%«r ia»ifttlatloa« 
fh® o1Js®rrei poreesfcagca of Isnf klllM w®r® traasfom#d la th® 
my m Th« rssulte um nhmm la fatbl® ??, An analysis of 
mriaae® of th® iata appears la fatol®' S8» of tsmat® aai 
pe-tat© plUtata S8« 'Iwars afiar iaooalatiea ®a #aamry f ISSl, ar# 
pr«s®nte4 i» figiiwi tl> Ztf, aad Ei* 
If th« ©1&8©rf»t4©a8 ar® aT@raf»4 @*®r %li« plattts isl-bMa iiolai®®., 
tB.® ©f ®ls«»nratioa, aai -fe-h® l«©l»t»« witMa t&» thra® ®at«g©ri®«, 
tli® following •teifo^my •tol&l® Is obtaia®!,! 
Iselat® 0ftt®fary. 
lost " W ' ' 1» r """Ft""' IMIS 
.. .V , . , . , 
f ?fr8 «.f «J.4 M,« 
F m.»4 §1.« §4»8 il.,t 
Mmn @4,6 m^l 47,4 SS,.4 
Hi® b®,hairl®r of th® 1» aai P« Iselat®® ms similart Qiey killei ab^at 
m 
fte-ld® ff« •Froportl©!#' «f petstto, F, and tomto, t, Isaflet# klll«d by 
twsl-tr® 4«o3At®,« &t Pkytephthom lafostaas* 
lb«t fIiSrfTC5rf S jplAste I 9m 
f*« IsoliL%#8 froa r®fl»-ms «to®r# tm wer® gr«w«# 
I? f I f4 so to ft m to ilS 
• f to 8© m i© M w 640 
P 1 14 SI IS 6 0 0 87 
2 ®6 to »©• 00 ©0 so S4© 
SI f I ?S m 72 6i @§ m 414 
S i© m to ®0 to 90 
P I If n fi gs © 0 14S 
t f© w ©0 9® 90 m S«3 
m f 1 •0 ••0 t© »0 SO f4 $U 
a Si te f« ®e to to S09 
P 1 t 0 m m 0 © lOS 
t m 60 m m t© to i® 
m ? I m 8© $1 li to so m 
a m m' m f© to to 54® 
F I 0 '0 If 0 0 0 1» 
« to SO, 8S © i© io Iti 
Sm t I m? €3S IfOl 
1 • «fS ^ Tf» 720 2l2t 
W 1 iS mf 0 $m 
ft® 6 f $  ?20 2015 
®Jkre #la •(perwa'tet# W.lls4)^»" 
* 13J tears, I * fit tears after 
m@r isol«%«8 aai flastes l» 
IBM 
mfel® S7» 
liiQ'lgft©, 'W&st ftm®^ H3ETrpS«3~W Fli5E"T¥IaK$^ - f 'ft Stai 
M»»  f3«B p®gt faa  wlnsr©,pota lJ##® « .ad  t«Mt©«s  are  bs t f e  mmmn* 
S9 • f • 1 8» 0 Q S6 to fia 
f to 00 m it m 90 467 
P 1 © 0. 0 0 0 0 © g If to m 0 eg 6S 267 
62 f I if 2T u m S2 t7 180 
2 44 so m ii 64 10 ZM 
P 1 0 It s© m ai 0 140 
f fO i© m to 00 SO g40 
04 f 1 m ss if 14 SI 41 2fS 
Z m 44 n S4 il SI 147 
P I 2S gf 7M 0 li m m 2, to to m m i® m 540 
6t. t I 51. 40 s» t4. m SI 20S 
2 Si 8S m so it 44 SB 
P 1 24 S7 9Q 00 IS m Mf g to ii. m §0 te m SI© 
Saa f 1 MS® iti S»8 $m 
2 481 sss 401 1317 
f I 114 Sif 107 i8@ 
2 iS« S5S 87S 1887 
Cp@fe«&tag« 
• lit* homrsy 2 s tSI- hmm «.#t®r 
es* ®T®y mwA fl&^s ia aaspsrte^at# 
SAl© S?. 
l»pllcat08 I'" • "• '• •''""""' I .Hi' nr n.wr.m 
wJfc 
latlftta I©tt fKaF'T'TSin.1' '"1 f!Sa¥'''f"'''¥lftaC°l FS'ttl" ' 1 Sm 
F»» l8©lat»t fr« r»gtm$ f#w are §mmn. 
1 f 1 54* S4 0 0 4S m 161 
•2- m m 41 m mu 
? 1 ?s •0 © 0 Sf u 118 
f f© » to ' m 06 to • S« 
ss f I ez St ss 17 m ss 141 
8 m fU if SI m es 400 
P 1 0 21 m 96 © 0 17® 
8 «e i© m m m 90 Bm 
i7 t 1 1.1 •8© m Q 0 MS 
t so il m ss 2S m 26S 
P I © © m to 0 Q 180 
1 t0 . 9© m s© 76 6S mz 
Si f I Sf m 0 § 41 M m 
2 84 m m 14 4S 41 2Zf  
F 1 6t m •0 0 0' 0 %m 
f to m. to 60 #8 9© m 
S\m f I 174 mi n§ 
t 4?a SS4 S®1 IfOS 
P I Its •887 4S $78 
2 ?20 iso §41 msi 
D„ SG»S w®.r 
f ' 1 M7S tS7 Its® stm 
t M48 14®» 1802 mm 
F I 4U SSI IfO uzz 
I E'OSi IMS tOS4 B9SS 
%r® «ls {pmmnimge 'l.®fcf3.#*fas kilitijw* 
^*1 « lit i *iiE h©iir« »f%®r la©ettia,tt#a. 
®liw 0-mr «.fii pj^ats la axfertmeat* 
184 
Si'ble 80« kmlfsi-B •mrlaae® of host aai, path#g«a . 
Bmrm &t mrimtlm • gegrses of irm^m Mm& B%mm 





A s  (M* •  -  i f*)  
B S Cl» - P») 

















m 2 siga.BE 
Patto0g®a 3C 1 
A1 t S33.93 
B» t 1048.84 
m 18 , E9$®,f4 
HKpatfe®g#a X 1 
ai 2 1110. IE 
ffl« 2 4.48 
« It St6.@f 
WltMa lxfr®a-te«sfc f2 161,* 11 
•fh» ^9lr@ isolates oa^stlsisod. ©f growps of fo'nr oitelM 
f'% fi«i regions w1»m fm potatoes -mm grmmt 
»», from rsglons ©f 'al*##'«.ai potato 
aoi fr»K r6F,ions «|j®» fm towfttssg worn gr©*®. 
iss 
iabls 88* {mxMwmi)* 
S«i»r®» ©f variation J}@gr®tt of fr®«i©m Mmm 9%miP9' 
EcfMats 14S 
tl' t 








































•WitMa f*mBfes n 140.86 
*(Mia 1 
total tSi 
twlT# isolates coaaisted of throe gr©«f« @f tmr «aela.t 
?*l from regions 'where f®w potatoes wrm growaf 
S.*, from rsi^ionis of mix^d tomto and' p^tata 
aai from reg;ions -wher^ few tomtoes meta froura. 
186 
Figure 21, Tomato and potato late blight caused 256 
hours after inoculation on Januai^ 7, 1951, 
by four isolates of Phytophthora infestans* 
Potato plants (small pots) are typical for all isolates. 
Tomato plants, 1, inoculated -with isolate 1» 
Tomato plants, 2, inoculated with isolate 56. 
Tomato plants, 3, inoculated with isolate 67. 
Tomato plants, 4, inoculated with isolate 89. 
187 
Figure 22, Tomato and potato late felight caused 256 
hours after inoculation on January 7, 1951, 
by four isolates of Ptytophtfaora infestans. 
Potato plants (small pots) are typical for isolates 42, 
62, and 64» 
Toaato plants, 5, inoculated with isolate 39. 
Tomato plants, 6, inoculated with isolate 42. 
Tomato plants, 7, inoculated with isolate 62» 
Tomato plants, 8, inoculated with Isolate 64» 
188 
Figure 23. Tomato and potato late tlight caused 256 
hours after inoculation on January 7, 1951, 
by fovir isolates of Phytophthora infestans. 
Potato plants (smll pots) are typical for all isolates. 
Tomato plants, 9, inoculated with isolate 17. 
Tomato plants, 10, in£>culated with isolate 31. 
Tomato plants, 11, inoculated with isolate 59. 
Tomato plants, 12, inoculated with isolate 69. 
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f iM@ e f  o t sermt laa , ,  hmm 
lit 2Sg 
lariat©®' 
Sort fl f* m»m. •i9St ! » •  M®&a 
f 70.S 54#'i ms 4S»® f ®S.? ®St.8 §©.l i4.? 
P •  u ,% 21.1 ?• S4.0 78.6 8S.S S2»f 
I'Wa 4I..« ^ m a :  18,1 umn SS,#S 6?.0 6f..a TS'*7 
la th® first 03Ep«rl*at a mmn of ©aly SI «alt# of dls@«ss ws ol>s«rwd 
at tli« ena @f lit 'feawrs 0a tli« t«»t® lBo«al&t«i -wltlj, 4t» In 
tli» frss#nt «iperl3B«at flaats mm iMaalatsfS with §p&mn$iB, 
a»4 14 tettrs ia »»i«t ohaatiftrj tM« a@Ttr® trwutaeat pw&esd 
& »»fta of fl iiaita of ilssas# la 131 latirs m %h@ to*iat® p'lwts iaeenlat®# 
with th® *t««Rt®* isftlsit®® f*» 'flto ?1, mit® appraneh®#;'th» 
liiiiting te tmits s® @los®ly ^t a. iarg® imrmmu^ of distms® m« not 
fosalfel#. lli«r«fi>F#., til# ia«r«i«at #f iiesas® l(«tw®«a HI «,ai, •2SI how® 
ms aot gi«*t«r on tomato## lwQttlst»i mith r» tl*a m th# t«»to«i la-
ooalftt#a withl* 0r P«» fh« ©I10IO® of iwgf«ssl@a ti»B ia th# aolat 
e!Mw%®r latA «i« pssiifels tfc# ^l#®ristiJa.tl©8 &t th® mrla.atsCKp) after 
lit hmm^t Hi# of olj«#rf«tl0a dl€ a©t slgalfieaatly th® a&ai* 
f««tatloa of irifjilwft®# &r wriarts-aCp)* ttftt i«, mitr tk# ©o^itiojB® of 
this assay thmm wm» m wMilfsstRtlea of mrl«at.®C|ft}» 
All ©f til# f«- is«lftt®« w«nfw #irld»atly ®f tli« vRrittttfeChp), 
a«. imiMm tf fit to p»itto® as amtli 011 twat© as th# 
©th-®ir iso^latiis w&u ®«a»#4 .largely fey tfc® awaalowt 'feslaiTlop of plants S 
aal 4. B«®*as» th® Iselmt® il4 »t %®l»ve la the a»m®r Isa -him ©ttor 
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spoimagia la iibaa<tai.aso» furthm, oa ¥9hvmrf It, 19ii, IS iay» 
•ft®? immlm'tlmt t»m%s fMats i3»©«ttla-l?®4 witti th® mr4*a%(lJ.|>) 
m.i %««» fh« •feoaat©- pta»%8 immmtai. idtli "B*ria.at(lf) 
•till r»1s«l»Bd «f • th«lr lmv»»w'^ fkrm ef tht®'plawfe®, ia®ettla.t«d 
•with 6t:|. .i4# m.wA^ p.lA0®4 ia «. eteatser*. • fli« plftslfl' 
w#jr# •©bstsrr#! S ftiifi'S iays Imtsri,. Si#r® -m# no «Tl4«Bt i»«r»ase la tte« 
WErt>«r of Qn ,tfe® tMri a f@w spoygtaglR «sf 
Ph.yt.e:phttoa^ lafaataai *»« fewsi|, oa fifth iay a©» .feoai,,. 
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T. yfumfiaf cifE» 
Bftry, A# i®. 1810# far 3* i# isotpeygi '©lii#* 
elMa^tgaeiiB, Aim# S®4« i#f» 4#, lSit56-IJl» (Origlaiil »t 
A-TOll*!*!# • f®r^ lasf««%l®ss ia C»«i#ar ClfS4, f. S)#) 
!.• <!• It4f» Coa*italmtl®a la «®@4 er©p®» Ummi-itj ltS©8-836» 
l@ai»Kl, A» 1©S4» Potato blight ant! tfe.® wiwtlier# &m* I»p« I5®|st« 
. Pls.Bt Bi.tM.*,. S®ale-Ha;me Apr. Col» ll« 
194?. tk« tsp^adeae#"©^ th® weather sf tli«' ^t#s ©f ®tttbr<»k» 
'''"W potato 'Iftt® flight «pi4«les» Trans. Brlt» *f©« Soe# Slii'S-SS# 
Berg, A. 1026*' l&t®'feltght mai'lts relatisa to l«t« Wigfet of 
potato, W, T«» Agr. S1».» Bid# 205, 
ilacfc, ?l« l@ff # 'Jlifht .ia J^latiea. ts p#%at® brsaiias. Asa* App* 
Bi®» Sisill,^ 
lo»€#, I» *»i $» Sttalt*# 194S# Ftttato piles' as a, footer ia 
til# 4l««*imtt®» &t late blight. 1®, Agr# fep# ita# !«!• 41S» 
Brlggs, I»» j* and f-;. L» Shantg, If I®* S&ilf tmafpiratloa inrlag th« 
wmrnl growth period aai it® «®iT®latioa *itk tli# w@ath®r« l» Agr« 
1®8» f*lSS-S15» 
Brmiljeat, ' ItSO, fh® mi@r0©14*t» ©f tii® potato erop# Q* J# toy# 
l«t, 800*. fii4St«IS4.. 
Bpotm, H. T. and F. lisoomb©. 1905, l®»«*r®fc@8 on s&mm of the pfaysiflN. 
iofric&l processes of ptreeu learef,, speeial r®f®r®ao® to th# 
intercham^® of energy between tl® l«iif aad its 8ttrr®ttailBf8« Proo* 
lov. $oc» B, 76jSg-lli« 
Brmat^'D# IfSf. l%j»leftl itai iymrniml ea»%ri<ig® 
B, Pl»«88» 
0li®st©r, E# S,." ISSt* PlMst 4is«&8# • th®ip ftfpmiwl ftaA iS'twr* 
frslatioa* Fli,»t Bls» l®f« Sup. l®3t lJ'0-.562* 
Cliatea, §•'P» lf06» Cstii&glaal®®. 1* Aiwr# flora 
Clm, H» 1# 192$^ th» ®ff««t of t»B«pirfttioa aad «aTlroaa»atfcl faotors 
»a l»»f la#r» J# Bot. lSilf4*'fS0« 
Gfitia, e. 1# •b4Gertertfe, ISSO. Sea® pr©ll»i»ry 8%«<il®« of th® 
wtfii wrlatieas i» the la4«x of r»fractioa' of «t»esfkt.ri0 *ir at 
ffiiepow-r^'fi^fttsasiss. ittl. Arnsr. let. 0«e# Slt530-S3i. 
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Crosier, W» 1SS4. Stu4i®« la ibioiQgy of Ptiyt»ghth.QrR 
I# T»'CS»m®ll) Agtm Ixp# Si*. 1#B# IS6* 
Giirtis,. 0» F« ioaf t(mp®mttsr@s SLBA .th@ oooliaf of by 
mdlatioft. Fl*.at ffeys, ll.i S48-Si4., 
18SS, WaJls,©® «tii4 01m, "leaf teaperRttar®®"» «. eritieal 
mmljala with niAitioml Aaar., J. Bot» 2Sjf61-?Tl« 
Mager, !• It41» fiis abs©rftl®ii' @f mttaat ©sefgy la plasta* 
Ph. &. Sieai®. Am®#, lorn, 1mm Stat® Oolleg© Lil^rary. 
latoa, P» Ifm S. 0« lit©'. JUaf t«^.e.Mtw®«' of e^tton muii 
tli«lr r®latloa to ti^aaflmtieia. b.M 4iff«r«tt©»8 aad yieMs* 
1. S# D®pt# 6f Agr* T#«h, B«l» 
Sgf©rts !•' 1046» fh& 60astr»ett»a aai iastallatlea'©f tfeeimoooaples for 
biolofieftl msoftreh, J« agr, ma* ?2ig4l*«$Sf« 
J* B. I91i» fh« t«a|»®mtur0S of l«aT@8 ©f Flans in winter. 
Aswr* tl» B©ti» SiSS""?©* 
Irlkssom, J« aa4 I# 18t6» Bl» 5®tr«ii®r08t«, Stookh®im, P. A. 
lorstedt aM SO»®3P-» 
lv«rit'»g©a, l'» wa» I8®i« I©t Terbramfi' t«.8®0h©a d» wmr gostelSheid 
• aa i# a&rt«|»f>#lKi®kto (tw«0is 'Tlji®# Plaiakte. 41t 
12.g-l3S, 
W, I, msA J» Jt ItSt, Leaf t»Bp«mttires of ootton 
plants with flijmtotrl^feiaa ro®t rot» S©1» fS»S81»SS2* 
Fischer, §. 1. ani !• lir«ett©r»» lf4§, tlto Istllaglmles or "smttts" of 
WEskittftea.. Wmsfa* Agr. Bxp. St®. lal» #Si. 
S@ig®r, E. ItSO*' fh® cllaat® 3S®»r tin# grei^at# Camferldgo, lass#, 
iRriwiri I. Pr««#» 
§iaiiBg«, I. im 9.&s. A* Btrg-. 1919» a mws^rimti'qt tfe® l«,t@ blights 
of toMto and p®tftt0*- Phytop&th* 0tS©9»2lO» 
6r®goiy,'P» 1» 1945, ffe@ dispariiom ef elr-feora® aporms* frans, Brit. 
My0« Soo« 28t8i-7t-» 
194®» fh» multipl® laf®®%ioa traasformtion. Ann* App* Bio. 
B&rrimn.0 At Lm lt4f. fh® relatiea of wmth&r to ©plptiytoties of tot© 
blight oa toi!«to®8. Phytopatli, ST«S58-$S8* 
19f 
S0l%oa,'0, 'S* aai I. A. loi»aiiis®r. Ii48» PhfSiologte spselalliatioa 
ia tb® mt satit faagl «mi it® r®lati<ja t© fereediag aats f®r gsmt 
p«si»taae«» l# S, D@p%» Agr* Bui* S6B» 
Hopsfftll, S, §• 1S4S, P«agiei4»s &wA their aetioa. ¥altha», Sasi., 
Ohrosieft Botftsie* Co, 
1SS$» B®r isr Pfl8m$@ii. fcianrlss. vmA 
ISS?.' litarokliwitiieh® PflaB8®wb®af@Wktarr0gi»ri»r«:^©a 
Btiltltli@«®fr«,ph.ea 'Toa lartiimjm ttaft B»m» «fa,hrt»» f» wiss, 
B®t, 84t6fl-?©0, 
Byre, !.• !• 194t» A sttrr«f of ti« o««rr«tte« of mms af Fhytoghthora. 
lafiBstaat ia lorfch#a8t«m ITaltei Statas# fl&Et Bi«, fSf»"Wi iW-1?©« 
JohiMtsa, C# 0* Aa sfcermnt physlolsgie i&m. of Pwolai* tritielan 
grika, Pliyto|»atli,, .20igOS-»€.20,» — — 
loniB, B*' 1S®» fh# ©ffsot of Imf  «a tmasplmtioa. 
Beol. 81il4?-MS, 
lAaseker, f»  1MB»'  Bariefet©^ fe®r M®es«^#a €©r aaehtllehen AsiBStraliteB® 
aaf d®r Stoliftlp#'. M@t. E«.it# 4StS71-S7i» 
JLelfhly, J*' IS'ST, 1 not® oa ©wpcratioa. leol. l§ilS0»l98., 
l,iiaBi8s©t, P# 1SSS« Seekerelie® swr 1® P# iafeataas (Moat#) d® B. 
Am* Ipiplift. 6stl«»S9» 
Hid®, Ai 1S3S» Ila B®ltraf «« Milcr©kili» sines Sstlianiiws# Sarten-
hmvmUs;  I t t  Uf- ' im,  
Mmmoni, %m and. A. Fttppo»' IS34« lur la •trattspirmttsa du 'bl® m f®a®tion 
da# faetasrs An ©limt* 0# 1» Aoftd. Sei,- f^ris, ISSt 1066-1068• 
lf4f» H©«t©1*S sulla m «al 
m m m o ' ' A a o ® *  A r t i  S r a f i e l i ®  I ,  A .  B o l o g i m .  
(Qrle,i»l a®t amilabl® fsr ®x®»iiMttioai al>stra8t@d ia Bio. Abstr. 
22tgS§6.} 
Is-rtia, W, 1* l&tSi, liats blight of petatses aad th® wsftther. !• J* 
Agr» SKp» Sta. i«l, ^84, 
lartin, W, J* 194§# Straiii# of F. infestaag ©mpftbl® of sttrviviag hig^ 
teaperaturse. (Alj«tr9.ot) pHyi;opaiEr~T8a 14» 
MeAlpiaa, B» foitato«s a»d Irish feMgfet.» J, Agr. Yietoria 
9iSf9-S82.» •(Orifiaal net •aml3i&'bl# for ^Mfflimtioat *bstraot®4 % 
Mills p* 8S0>.) 
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lollma, !• 1» ©©mimtioft aad laf®eti®a witli ftmgw® of let® 
flight <&f potftte# Wis. Agr» lKp» Sta. !»•* Bttl# ST» 
aai «I, 1» AilMan, 1®S§» &« ©oa^mti?® ®ff©et of drillei aafi 
er®«s ewltlmt®i oa tto of l®a.f 8p®t and yl«M ta tomm. 
Sa^r Be®t Mag# Tili-tl# 
aiii li4S» lAt® flight f©r@oft®tlag se^rrisa* .?%%©* 
^li, 8gi463«47t» 
1411®r, f. G, 1988. Flaat phyaiolagy* l«wTork, Bsok 0®», 
Ia@» 
aai A» E» SRunders. IMS* Soas ©a tli« t«f®ra" 
tar® ©f Mat®® crop pluirts* J. A.gr. .1«»# l6tlS->4S, 
Mills, W. !• I§4®» Ph:rt0thtfeom oa tewato# Phytopa-th#, fOi 
S80*8S§, " 
li4?« f®»at© race ©f lata l> light ©T®rwiat®rtiag ©at p®tato, 
' """^^ors la Psimsylmnia. flatsfe ,,Bis» l«p» SliSlO-#. 
'mt , '  lS tk 'Ai»»-  l a t*  P@t .  pr@f ,  1S48#M?, -  ! •  S»  
D«pt« Agr#, B« P» !• Staii®»» 
I . '  O#-  1S5S»  f fb»r  Aim il©tfp«a •ron fhw^plhMhom iafq»'teMa« aM 
ihp» g.e@frapM«ei» Wrfereltuag l» I^te@lffini7**S5h7*'WrE8W# 
PflasK. ®iSl-»8» 
1SS5# ftfe®r i®o aMg@iajli®kll®fe®n' ttas®3r@r .tonatalsa® aar 
'' M;oli&glsefe®B SMBlallslenii^' dea ^IfHiatffal^rmgars im lartoff#! 
(P,: lBf«ata»i-») •ittoMsf' 
S» ' 1814» lochmls Iltz«#'eH4«tt aa Wal4pf lani«a« I«lt» f» 
Fsrstwirt* 
1Ni,y®% IS4T, Tegetation to Botrytis infgstans a l'interl®ttr des 
fmilts Ab iQltem lyoopersieaiai. erythro'^rpum ("iaaatii)«. C» I* Aead* 
Sel, I^ri#'"'^^riSl«'M'l» ' no-fc'" aTOiiabie for ©xaaiaatlonj 
aljstpa@t®4 feyllll* U0», p, S»).) 
Iwtaatlma,'I# S» lf2t» Qn tmpemtur® of ®*pss®i mila at Agra* India 
l«t» Dap, •S©1« Iot«s# lC#)» (Orlglml mt avallafel# for «f»alaatlQB| 
afcstmetad im Cl»ig«r ( lfS0,  p,  176) . )  
Mmmy,- J*' C«'§» Batter# and #,'1. Saag# ISSS. a#' ta«idlty grailaat 
at sBrfao® of a tmasplflnf leaf* Brit. S, 'Sspm Bi@, 16ti65*i6S» 
ft»dAielc, %- and W,. Croaier* ' ISSS* ' Bl©l®gi©al »p«©lall!Satioa in 
PhytQ|fe''M^Q3ra iaf®8taa»» Jaa®!*. Fot» J» l§tlt9*»lS4, 
lead, 1»'S. lill* '&s*to blight ami r®t la Tlrglala# fa. Agr, 
Stiu Bttl. Iff, 
199 
laad, H# §• 1912. Does' P« iafestans e&asa tosato bliglit? Phytopath. 
£*|-SO-8S2., '' • 
iSdsr, I. 1SS5, Ust;erf««te3ag«tt ibsr 4t« f%t©pkth9ra.kiU3aWwit (Plggrfeeph-. 
•liiora info a tans) der fowtt©, .later b@soa<l©r®r Berficksielitlgwag 
l®"r'"'iiolb,gisoii0"n Sp««ialls&tioa d®8-grregers* I@it» 
8tS8t-614^ 
Itousohal, I. 19S9. Bi® Ira&lsad® Wirtoij^ i@8 fraaspimtlonsstrosaa ia 
Baoa8».. B®r. 4» 'Baatieli# B@%» §®S8®1» S7«SS-6S* 
Selaiiit,: W» ISl®# Bi« 'fwhrtltaaf m& Saaaa wBd iarelj Ale 
I,aftb®w®gusg» Bst* Bot, geit» §7tSlS«5tS« 
S®r»8®, P# J« ' 1$W» Soffl® eh»r&et®ri«tiefi of @d% w&tlon in th© 
etfeHo«ph«r®« §%• Irit» l@t« Off» §®apliy8» !««• S2fS*16, 
i«yb©li. a, - I9t7* ^litativ^MawMalslBeh® Bewtehlag^i Itotr il# ®piiB8-
piratioms» «ad Biffusiowtrhaltalsse TO» flaehen aittlerer Blatt-
gmat#. Plitnta • 4!78S-81l» 
Bimm, 1» H« iia4 F. !• fcfgntttr* ltS0* A» of i®w point 
fl«etuatioBS ia the ®lere©llfflBitl8' 'laysr* Bal* l®er. 'Soo-« -
Sl» 382-384, 
Shty«T®, !• B:» IflSa.#" & th®m®»«l«e%rl6 method for th® ietemimtioa ©f 
l©a.f Plsat ¥orW g2i 100-104. 
.lilSlj. Bi® ml® of' la th« '-di@t®ml5a«.tioa of th® 
traaapiriag pcm@r of 1«&T®8 by %gro*tri@ |Mip«r. Pla»t SOPM 22i 
172^180. 
Shall, C. Am liSS,' Bsita of leaf teaperfttur®® i® lasi^eut 
•#H»rgy» Plaat Phys. lltlSl«l88* 
Sidoria,^ !• IfSO# ^ 6a the nfesorptloii ©f iii^ot sslar raiiftti©n "by 
l®aT@s of ft^leultuml plaats (ia .aussi»a). Bot. fh»n»l 'SSi 
•ES-Si. 
Swdll, f. ISSft. l®l»ti©s'¥»tw«®ii folsat© blight »ni toss&t© felight. Ana. 
JlK>, Bio. 25it71-f76. 
Smith, A* M» 180t» Qa th® latsrml' tmperatar® of leaTss in tropieal 
iiwolatloa with sspeclml r®f©retie®" to tha ©ffeot of eolor qu the 
tettpemture, Ann. loy. Bot. SaM» Femdaiya 4sgtf«f9S. "(Orlglml 
Eot amilA'ble for «^asiaa,tioii| *to®tra®t«4 la Geigsr (ItSO, f» 280).) 
St&lamn, 1. C.^' lit®. Physiologi© speMallwition in pftthogaoie fmgi. 
Proe. Int. Plant Sei.- 0osg,, Itlmcfi, Ifti. 2,ilIM-lSiO. ' 
lt®8. Pla»t path©l®gy/aai fhysiology la rtlatioa to *h. 
W. B'. Sattttdors & C©. • ' 
»0 
Stfitoaa, B. C« 195$^ Hi® problem of sp®0ialisatioa and TsriatiQa ia 
phytopatiiog®ai© fstngl. 5©a®tioii» 18tS72»389* 
g S, J. ,Clirigt«a8®B, G, C, Eide, ftM B» P®t®r«on» lit®, 
lotatlstt ftiii. hi^rldimtloa in 138til».g0 scfl.e» Miaa, Agr. lsp« Sta* 
B«l» 65• 
• • ., ft.,' 
,  aud i*  H«' t sT ia# .  Wi t*  l3®t@mt»t l ea ' -o . f  Molog loa l  fo i^s  o f  
.l^'0ciaift gmB.ial.s oa Trltiew sprnnim, Mistt, Agp# Ixp# Sta* f»©h« 
TfeofflASij W, B»' It#?* Fa.'Otsfs infly.0n®iag tfes ®pli«sl®logy of l&t® 
blight of po"lat»«3-« liE^ubliahed ?&• B# llimeftpoilis,, 
U» of liaa* hlhrnrfm 
fhoi^Moni. #• !«• 1S24»' Ia tli@©ri® ^ daa pa,rs.slt©s 
®»tosMapl»g«a. #t 1# fa©t®«r ia liatari.# Ana. .F®.©t S«l, lars@ill@ 
Et6f-8i. 
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